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IF YOU'VE 
EVER 
USED 
A 

REPEATER, 



SENTRY 




If you haven't 
already received 
a copy of our NEW 
1970 Catalog of Precision 
Quartz Crystals & Electronics 
for the Communications Industry, 

SEND FOR YOUR COPY TODAY! 


Somewhere along the line, in vir¬ 
tually every ham repeater in the 
world, you'll find a couple of Sentry 
crystals. 

Repeater owners and FM "old- 
timers" don't take chances with 
frequency-lhey can't afford to. A 
lot of repeater users depend on a 
receiver to be on frequency, rock 
stable...in the dead of winter or the 
middle of July. The repeater crowd 
took a tip from the commercial 
"pros" a long time ago-and went 
the Sentry Route. 

That's one of the reasons you can 
depend on your local repeater to be 
there (precisely there) when you're 
ready to use it. FM'ers use the 
repeater output as a frequency stan¬ 
dard. And for accuracy, crystals by 
Sentry are THE standard. 

IF YOU WANT THE BEST, 
SPECIFY SENTRY CRYSTALS. 


YOU'VE USED A 
SENTRY CRYSTAL 


SENTRY MANUFACTURING COMPANY 

Crystal Park, Chickasha, Oklahoma 73018 


PHONE; (405) 224-6780 

TWX-910-830-6425 





R. L. Drake quality-built R-4B Receiver is versatile, accurate, dependable, as is the Drake 
T-4XB Transmitter. They stand on their own merits used independently, but... 





Ideal for transceiving, 160 and MARS 



R-4B 

RECEIVER 


T-4XB 

TRANSMITTER 


• Covers ham bands 80. 40. 20. 15 meters completely and 
26 5 to 29 0 Me of 10 meters with crystals furnished: MARS 
and other frequencies with accessory crystals, except 2.3* 
3,5-6, 10.5-12 Me. a Upper and Lower Sideband on all 
frequencies e Automatic Transmit Receive Switching on 
CW (semi breaK-ln) a Controlled Carrier Modulation for 
AM Is completely compatible with SSB linear amplifiers 

# VOX or PTT on SSB and AM built-in e Adjustable Pi- 

Network Output e Two 6-pole Crystal-Lattice Filters for 
sideband selection. 2.4 kc bandwidth e Transmitting AGC 
prevents flat topping e Shaped Grid Block Keying with 
Side tone output e 200 Watts PEP Input on SSB 200 watts 
input CW e Meter indicates plate current and reialive out¬ 
put a Compact site; rugged construction a Solid Slate 
Permeability Tuned VFO with 1 kc divisions e Solid State 
HF Crystal Oscillator a 11 Tubes. 3 Transistors and 12 
diodes e Dimensions: IOVa*^. 12V«'D. Wt: 14 lbs. 

$495.00 Amateur Net 


a Linear permeability tuned VFO with 1 kc dial divisions 
VFO and crystal frequencies pre-mixed for atl-band sta¬ 
bility e Covers ham bands 80. 40. 20, 15 meters completely 
and 28 5 to 29 0 Me of 10 meters with crystals furnished 
e Any ten 500 kc ranges between 1.5 and 30 Me can be 
covered with accessory crystals for 160 meters. MARS, etc 
(50-6 0 Me not recommended) e Four bandwidths of seiac- 
tivlty. 0 4 kc 1 2 kc. 2 4 kc and 4 8 kc e Passband tuning 
gives sideband selection, without retuning a Noise blanker 
that works on CW. SSB. and AM is built-in e Notch filter 
and 25 Kc crystal calibrator are built-in e Product detector 
lor SSB/CW. diode detector for AM e Crystal Lattice Filter 
gives superior-cross modulation and overload characteris¬ 
tics a Solid State Permeability Tuned VFO a 10 lubes. 10 
transistors. 17 diedes and 2 Integrated circuits e AVC for 
SSB or high-speed break-in CW e Excellent Overload and 
Cross Modulation characteristics e Dimensions: 5V>''H, 
10V« W, 12V«‘'D Wt.: 16 lbs $475.00 Amateur Net 


+ ^^ 75 °° = $ 070 °° 

ijJ04i(LeA^a(, I 

Get together with your distributor, 
or write (or tree brochure ... 

R. L. DRAKE COMPANY 540 Richard Street, Miamisburg, Ohio 45342 
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upper frequency limit of transistors was 
limited to a few hundred kHz? The days 
when the basement experimenter would 
sort through a box of new transistors 
hoping to find at least one device that he 
could use in a 455 kHz i-f strip? Some 
semiconductor scientists even doubted 
that high-frequency transistors could be 
manufactured. Then Philco came out 
with the SB-100 surface-barrier transistor 
and practical high-frequency rf circuits 
started appearing in the magazines. After 
that came Fairchild's Planar process, and 
the gradual but major changeover from 
germanium to silicon. Since then im¬ 
proved manufacturing techniques have 
resulted in transistors with higher fre¬ 
quency capability, lower noise output 
and larger power dissipation than we 
could have imagined—and the end is not 
in sight. 

Microwave power transistors, although 
still too expensive for amateur applica¬ 
tions, have been available for some time. 
However, for the most part power levels 
have been limited to the milliwatt range. 
Power limits have been slowly creeping 
up though, and this summer Fairchild is 
expected to market 10-watt power tran¬ 
sistors for operation at 2000 MHz. It is 
reported that they will also introduce 
some new low-noise small-signal devices 
with very high gain-bandwidth products. 

Although not too many hams venture 
into the world of the super-high frequen¬ 
cies, IBM's research division in Switzer¬ 
land has come up with a gallium-arsenide 
field-effect transistor that exhibits more 
than 3-dB gain at 17,000 MHz. From data 
gained in their laboratories it appears that 
the maximum oscillation frequency for 
this device may be as high as 30,000 
MHz. This is at least 2'^ times higher than 
any current models. 



The new gallium-arsenide transistor is 
called a mesfet—metal semiconductor 
field effect transistor, and uses a Schott- 
ky barrier gate, rather than the more 
familiar insulated-gate arrangement. A 
rectifying contact is established directly 
at the metal-semiconductor's surface. A 
chromium-nickel-gold sandwich, 40 mil¬ 
lionths of an inch wide and 8 thousandths 
of an inch in diameter, forms a circular 
gate that completely surrounds the cir¬ 
cular-shaped drain. 

From another part of the semi¬ 
conductor world comes a microwave 
diode packaged in a 1N23 rectifier cart¬ 
ridge that produces peak powers of 1.2 kW 
at 1100 MHz. A result of work at RCA, 
the device actually consists of five ava¬ 
lanche diodes in series. Avalanche diodes 
use drift time, that old bugaboo of 
vacuum tubes, to generate microwave 
power. Bunched current carriers drift 
through the solid-state crystal of the 
diode and deliver rf power by causing an 
external circuit current 180° out of phase 
with the voltage. These diodes are often 
referred to as IMPATT devices (from 
IMPact Avalanche Transit Time), and are 
like klystrons in some respects since both 
use transit time and current-carrier 
bunching in their operation. 

Because of high cost, it's doubtful that 
any of these devices will see widespread 
amateur use in the immediate future, but 
the nature of semiconductor manufac¬ 
turing is such that as techniques improve, 
yields go up, and prices come down. 
Remember when a new CK722 audio 
transistor wiped out a ten-dollar bill? 
Today you can buy an equivalent device 
for 39(^-and if you're willing to take a 
chance, $1 the bagful. 

Jim Fisk, W1DTY 
editor 
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the only complete station 
that is truly portable! 

A total amateur radio station in one, compact, powerful package. The Swan 270 
includes AC and DC power supply, and loudspeaker. Just hook up the antenna, 
plug into a power source, and you're on the air. 

Portable enough to be used in your camper, motel room, on your vacation or busi¬ 
ness trip. We even have a handy carrying case for it_Also an instant mobile kit 

for installation in rental cars. That’s about as portable as you can get. 



S WAN DELUXE 270 

SSB TRANSCEIVER-5 BANDS, 260 WATTS P.E.P. 


• Power input: 260 watts P.E.P.. 180 
watts CW. 

• Full coverage of 10, 15, 20. 40. and 
80 meter bands. 

• Selectivity. 2.7 kc bandwidth with 
shape factor of 1.7 and ultimate re¬ 
jection of more than 100 db. 

• Sensitivity: Less than 1/2 microvolt 
at 50 ohms for S + N to N ratio of 
10 db. 

• Unwanted sideband suppression: 50 
db. Carrier suppression: 60 db. Third 
order distortion down approx. 30 db. 


• The well known Swan audio, flat 
within 3 db from 300 to 3000 cycles. 

• Grid Block CW keying. 

• 100 kc calibrator. 

• Sidebano selection • S-meter • AGC 
and ALC. 

• Provision for plugging in External 
508 VFO or 51 OX. VX-2 VOX acces¬ 
sory, headphones, and Cygnet 
Linear. 

• Voltage input: 117 volts AC or 12-14 

volts DC. $525 

Standard Model 260 Cygnet $435 


See your Swan Dealer today. 




ELECTRON ICS 


305 Airport Road 
Oceanside. California 92054 
A Subsidiary of Cubic Corporation 










inductively-tuned 

high-frequency 

tank circuit 


A method 
for achieving 
high efficiency in 
the ’’shadow region" 
between 
14 and 54 MHz 



< 

s 

o 

E 

.2 

i 


Radio frequency amplifiers require a cer¬ 
tain critical value of plate circuit imped¬ 
ance arKi Q for optimum performance at 
any frequency. Design deviations may lead 
to higher levels of intermodulation distor¬ 
tion or excessive harmonic radiation. While 
the design requirement may be quite 
tolerant in some cases, the mechanical 
assembly of the components and the 
choice of proper values become increasing¬ 
ly critical as the operating frequency nears 
the upper region of the hf spectrum. It is as 
though a "shadow region" exists that's too 
high for conventional lumped circuit com¬ 
ponents, yet is too low for conventional 
vhf linear and stripline techniques. The 
"shadow region" extends roughly from 27 
through 54 MHz. 

Above 27 MHz or so, the construction 
of a conventional high-power plate-tuning 
circuit having good Q and good efficiency 
can be vexing, as residual tube and circuit 
capacitances combine to assume a major 
portion of the tank circuit capacitance. 
It's possible, in fact, for this residual 
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capacitance to be much larger than speci¬ 
fied for proper design considerations. The 
unusually high circuit capacitance may 
lead to unreasonable Q and high circulating 
tank current, resulting in poor over-all 
efficiency and excessive heat loss in the 
tank circuit. 

inductive tuning 

To achieve good circuit efficiency and 
proper Q in the upper portion of the hf 
spectrum, it is convenient to resort to a 
different mechanical configuration than is 
commonly used at lower frequencies. One 
way to overcome problems of efficiency 
and Q is to reduce residual circuit capaci¬ 
tance to an absolute minimjjm by re- 


27 and 54 MHz. The plate tank is a 
conventional pi network, inductively 
tuned by a shorted turn within the plate 
coil. The turn (or "slug") is moved into and 
out of the coil by a lead screw driven from 
a counter dial mounted on the amplifier 
panel. Tank circuit values were derived 
from pi network charts.^ 

The amplifier uses a pair of parallel- 
connected 3-1000Z high-mu triodes in a 
grounded-grid, cathode-driven circuit with 
zener diode bias.^ The combined output 
capacitance of the tubes is approximately 
15 pF, Stray circuit capacitance from plate 
to ground is less than 10 pF, which 
provides a minimum input capacitance 
(Cl) for the pi network of about 25pF. 


fig. 1. Inductively tuned 
tank circuit using conven¬ 
tional component values. 
Cl Is the residual circuit 
capacitance plus tube 
output capacitance. 
Resonance is achieved by 
a variable shorted turn 
moved inside L. 



moving the cause of the largest portion of 
this unwanted capacitance: the tank 
tuning capacitor. Circuit resonance can 
then be established by including a fixed 
capacitance combined with a variable 
inductor. 

The inductor can beafixed,high-Qcoil 
having a low-loss shorted turn introduced 
into one end. As the turn is moved within 
the coil, coil inductance is reduced, and 
resonance is established by correctly posi¬ 
tioning the shorted turn (fig. 1). The rf 
current in the shorted turn is high com¬ 
pared to the coil current; however, if the 
turn is of homogeneous structure and 
low-resistance material, turn losses will be 
small. 

Shown in the photographs is a commer¬ 
cial 5-kW input PEP linear amplifier 
designed for any 500-kHz range between 


Additional capacitance can be added for 
operation at lower frequencies. Ceramic or 
vacuum padding capacitors can be used for 
this purpose. 

construction 

Tank-circuit inductance is calculated 
for the low-frequency end of the tuning 
range in the usual manner. As the shorted 
turn is driven into the plate inductor, its 
inductance decreases, and resonant fre¬ 
quency increases. A range of about 500 
kHz or so can be obtained with this 
assembly. 

Construction details are shown in fig. 2. 
The shorted turn is a section of seamless 
copper water pipe T% inches O.D. by 3 
inches long. Discs of insulating material are 
cut to fit into the ends of the pipe and are 
held in position with small pins or rivets. A 
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FRONT MOUNTING PLATE REAR MOUNTING PLATE 

fig. 2 . Mechanical details of the shorted-turn assembly. 


threaded bushing is attached to one disc, 
through which the drive shaft extends. The 
shaft is %-inch-diameter copper rod, 
threaded with a %-20 die. Two fiberglass 
guide rods are mounted between the end 


support brackets to keep the shorted turn 
from rotating as it's driven back and forth. 
The threaded drive shaft is driven from the 
amplifier panel by an insulated extension 
shaft and an insulated coupling. The 


80 july 1970 











shorted turn is ungrounded at all times, 
and no moving parts carry rf current. 

The plate tank coil is wound with 
%inch-diameter silver plated copper 
tubing with an I.D. of 2 % inches, pro¬ 
viding ample clearance for the shorted turn 
to move within the coil without danger of 
arcing. Heavy-duty copper mounting lugs 
are silver soldered to the coil. Resonance is 
initially established with a grid-dip oscilla¬ 
tor. Indication of resonance is quite broad. 
Loading is accomplished with the pi 
network variable output capacitor, C2. 


value will cause excessive fundamental rf 
power to dissipate in the parasitic resistor. 
The proper value of shunt inductance, 
while not particularly critical, should be 
determined for the operational range of 
the amplifier in each case. 

The amplifier shown in the photographs 
was designed for commercial service and is 
included in a shielded cabinet as part of a 
larger package. A similar design using 
4-1000A's has been built for commercial 
ssb service at the 6-kW PEP level—but 
that's another story. The basic design is 



top View of the high-power commercial amplifier. Inductively tuned tank is shown at rear. Tuning is 
the same as with a variable capacitor, except inductance decreases as shorted turn penetrates coil. 
Parasitic suppressors have been removed for this photo. 


parasitic suppression 

An important consideration in plate- 
circuit design is a parasitic suppressor. In 
this amplifier parasitic suppressors are 
included in each plate lead. Each suppres¬ 
sor is a 40-ohm, 16-watt Glo-bar resistor 
shunted across an inductor, which consists 
of a length of plate lead. The value of the 
shunt inductance is important. A too-small 
value won't completely suppress the ten¬ 
dency for vhf parasitics, and a too-large 


adaptable to any high-power amplifier 
operating in the upper region of the hf 
spectrum. 

references 

1. Williafn I. Orr, "Pi and Pi-L Networks for 
Linear Amplifiers," fiamrat/;o, November, 1968. 
page 36. 
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a versatile 
solid-state 

receiver 


The answer 
to many receiver 
problems: 
a circuit 
featuring 
high selectivity 
for cw, ssb, 
and rtty 
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With transistors in their present state of 
development, it hardly seems worthwhile 
to use vacuum tubes in receiver circuits. 
At one time it could be argued that cost 
was a factor, but things have changed. 
For example, the RCA 40673, a gate- 
protected dual-gate mosfet, costs about 
$2.00. In a mixer circuit it will do the 
same job as a 68E6, but with fewer 
components and less power. The mosfet 
costs a few cents more than the tube, but 
you can eliminate a screen dropping 
resistor, screen bypass capacitor, and tube 
socket, and a big power supply isn't 
required. 

Several mosfet's are available at less 
than a dollar, such as the RCA 40468 
(75c). Very few tubes can be obtained for 
this amount. For about $4.00 you can 
buy not one, but four 1C audio amplifiers 
in one package: the RCA CA3048. Are 
you convinced? 


2 system description 

CM The solid-state receiver described in 
this article is used with the components 
J shown in fig. 1. A recommended conver- 
^ ter is described in reference 1. Typical 
, circuits for the vfo, or local oscillator, 
® appear in reference 2 and 3. The 80-meter 
5 tuner is described in reference 4. 


features 

The solid-state receiver uses mosfet's 
in rf and mixer stages to reduce cross 
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modulation. IC's are used in the product 
detector and audio amplifier. A 9-MHz 
crystal filter fs used for ssb reception. An 
additional crystal filter, operating at 
2.215 MHz, with a 250-Hz bandwidth, 
provides passband tuning. This allows the 
i-f passband to be shifted a limited 
amount without changing the beat note 
of received signals. Another feature is 
that the i-f system provides reception 
over a 2.8-kHz bandwidth while allowing 
you to boost the one signal you're inter¬ 
ested in. 


the 2.215-MHz filter. The filter output is 
then converted up to 9 MHz and applied 
to the product detector. 

The 11.215-MHz oscillator frequency 
is variable over a small range, so that any 
slice within the 9-MHz filter bandwidth 
can be passed through the 2.215 MHz 
filter. Varying the 11.215-MHz oscillator 
frequency doesn't change the beat note 
of any signal, because the same frequency 
is fed to both mixers. Thus it's easier to 
keep track of the signal you're trying to 
receive. 


fig. 1. Integrated re¬ 
ceiving system for 
high performance and 
versatility. Recom¬ 
mended circuits for 
the converter, 80- 
meter tuner, and vfo 
are given in the refer¬ 
ences. 



operation 

A block diagram of the solid-state 
receiver appears in fig. 2. Output from 
the 80-meter tuner, 3.5-4.0 MHz, is 
mixed with the vfo signal, 5.5-5.0 MHz, 
to produce a 9-MHz difference signal. 
This is applied to the crystal filter. If the 
entire 2.8-kHz bandwidth of this filter is 
desired, 9-MHz i-f amplifier gain is in¬ 
creased. This allows you to hear what's 
going on within 2.8 kHz when listening 
for cw stations, or allows audio compo¬ 
nents to come through when receiving 
ssb. 

selectivity 

If you wish to listen to only one cw 
signal in interference, the 9-MHz i-f gain 
is turned down, and the gain of the two 
mixers on each side of the 2.215-MHz 
filter is turned up. The 11.215-MHz 
oscillator is turned on and tuned so that 
the desired signal is converted down to a 
frequency that's within the passband of 


detector 

The 9-MHz signal, from either the 
9-MHz i-f amplifier or from the second 
mixer in the 2.215-MHz filter system, or 
both, now reaches the product detector. 
Here it's mixed with the output of a 
crystal oscillator operating at 9.0015, 
8.9985, or 8.99745 MHz. The first two 
frequencies allow sideband selection on 
ssb, and the third allows standard tones 
of 2125 and 2975 Hz to be obtained 
from an RTTY signal centered in the 
9-MHz filter's passband. Product detector 
output is then applied to an 1C op amp, 
in which most of the receiver's gain is 
produced. 

af amplifier 

With most of the system gain devel¬ 
oped in the af stage, cross modulation is 
minimized because the rf signals are at 
low level in the preceding stages. The af 
amplifier will drive a pair of crystal 
headphones; however, a power amplifier 
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is required if you want to use a speaker. 

The af stage drives a one-stage ampli¬ 
fier, whose output is rectified to provide 
amplified age. This stage's output also 
drives an S meter through an emitter 
follower. 


the presence of strong signals. Automatic 
gain control is also applied to the mixer, 
and a diode gate passes the appropriate 
signal to control stage gain. 

Mixer output is coupled through a 
tuned circuit 1:o a McCoy 48B1 crystal 


eo - ueTEfr 

TUNER INPUT 



fig. 2. Functionai block diagram. Filter and oscillator frequencies are nominal; see text. 


Power is obtained from unregulated 
positive and negative 24-vo/t supplies. A 
simple 15-volt regulator supplies power 
for the fet's and ICs. 

the circuits 

The first mixer, input tuned circuit, 
and i-f system are shown in fig. 3. An rf 
amplifier isn't used, because the mixer 
gives adequate sensitivity for either 
80-meter operation direct from the anten¬ 
na, or from other bands with a converter. 
Omitting an rf amplifier reduces cross 
modulation from strong signals by 
keeping input-signal gain low preceding 
the filter. The input circuit is from a 
solid-state receiver that appeared in an¬ 
other article.^ 

mixers 

A manual gain control reduces gain in 


filter. Although the Miller 1740 and 1741 
transformers have two windings, I ob¬ 
tained more gain by using only one 
winding as shown; probably because the 
windings are loosely coupled. Filter out¬ 
put is coupled to the i-f amplifier, and the 
otherwise unused output coil winding is 
used to neutralize the stage. Neutrali¬ 
zation is necessary to reduce feedthrough 
when stage gain is reduced and the 
narrowband section is used. 

Mixer Q3 converts the 9-MHz i f signal 
to 2.215 MHz, which is passed through 
the narrowband filter. Mixer Q4 then 
converts whatever signal manages to get 
through the filter to 9 MHz, which is 
applied to the product detector. Since 
both mixers use a common oscillator, the 
frequency that comes out of Q4 is the 
same as that which went into Q3; there- 
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fore, if the signal can be heard at all, it's 
beat note is the same regardless of which 
i-f went through or the tuning of the 
11.215-MHz oscillator. 

The tuning of the 11.215-MH2 oscilla¬ 
tor determines what portion of the wide 


MHz, because 9002 kHz won't pass 
through both filters. Therefore, the oscil¬ 
lator must cover 11.2136 to 11.2164 
MHz and no more. 

A variable capacitor across the crystal 
varies its frequency over this narrow 


9CA 40673 



Cl, C2 100 pF (Hammarlund HF-100) 


L2 28 microhenries (CTC 2060-4) 


C3 

LI 


5 pF must be chosen for individual 
crystal (see Text) 

23 turns Airdux 632-T, tap at IVz 
turns, 32 tpi, Va" diameter 


L3, L4 63 microhenries (CTC 2060-6) 

L6 15 turns no. 22 wire on 3/8" diam¬ 

eter slug-tuned form (CTC 1534-2-2) 

Y4 11.215 MHz crystal 


fig. 3. Rf and i-f circuits. Features include low intermodulation products and passband t-f tuning for cw. 


filter's passband goes through the narrow 
system. To get reasonable sensitivity and 
make best use of the filters, it's necessary 
that a slice within the wide filter's pass- 
band be converted to the frequency of 
the narrow filter. The wide filter passes 
frequencies between 8998.6 and 9001.4 
kHz. It will do no good to convert a 
frequency of, say, 9002 kHz to 2.215 


range. C2 is a front-panel control for 
moving the passband, and C3 and C4 
limit the variation so that C2's tuning will 
be less critical. Some experimentation 
will be needed to arrive at the correct 
values for C3 and C4. 

The six-inch length of shielded wire 
could have been avoided with better 
layout. No trouble has been experienced 
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fig. 4. Product detector, af stage, and regulated 
power supply. The MCI 545 acts as a double 
balanced modulator; output is the sum and 
difference of input frequencies. 

with feedthrough around the filter 
through the common oscillator connec¬ 
tion, nor has the 11.215-l\/IHz oscillator 
caused any birdies. 

product detector, audio and age 
Fig. 4 shows the product detector, 
bfo, audio amplifier, and amplified age 
circuits. A Motorola MC1545G is used as 
a product detector. When wired as shown, 
it acts as a double-balanced modulator, 
cancelling in its output any input to pin 1 
alone or to pins 2 and 5 in parallel, but 
giving as output the sum and difference 
frequencies. The price of the MCI545 is 
rather high ($8.25), and unless Motorola 
comes out with a less expensive version, 
you'll probably want to use another 
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Cl, C2, C3Tr»mmers {Arco 402) 

Y1,Y2, 8.9985- and 9.0015-IVIHz crystals 

included with McCoy 48B1 filter 

Y3 8.99745-MHz (or 9.00255-MHz) 

crystal 

product detector such as one of several 
suggested in a recent article.® 

The balance control should be ad¬ 
justed with an audio signal applied to 
point A through a capacitor and should 
be set for minimum audio voltage at pin 
6. Product detector output is amplified 
by a GE PA230 operational amplifier 
with an audio gain control in the feed¬ 
back loop. One quarter of an RCA 
CA3048 could have been used instead 
with less external components, but with 
less gain and higher output impedance. 

Bfo voltage for the product detector is 
supplied by crystal oscillator Q6. Y1 and 
Y2 are used for ssb reception. Y3 is used 
for RTTY reception with reversal of mark 
and space frequencies accomplished in an 



external adapter. 

The audio amplifier 1C output is ap¬ 
plied to age amplifier, Q8. The age 
amplifier is operated without bias so that 
no output is obtained until the input 
exeeeds 0.6 volt peak, enough to turn on 
the transistor. Onee this threshold is 
reaehed, very little additional voltage is 
needed to get full output from the age 
reetifier. This results in a very flat age 
eharaeteristie. Some trouble was expe 
rieneed with motorboating in the age, 
whieh was eured by redueing OS's gain 
with the 220ohm resistor in the emitter 
lead. 

Q9 drives the S meter. S meter sensi 
tivity ean be inereased either by de 
ereasing the resistanee in series with the 
meter or by inereasing the value of the 
3.3 meg resistor, so that more age voltage 
must be produced for a given amount of 
gain reduction. 

A diode gate supplies either the age 
voltage or a muting voltage from an 
external source to the age line. A negative 
muting voltage is needed while trans¬ 
mitting, and the resistors associated with 
the muting voltage depend on the voltage 
available. 

Q10 and Q11 comprise a simple regu 
lated 15-volt power supply for the fet's 
and IC's. 



"Ten minutes ago he was 40 over 9 . .. 
then he went down in the mud." 


performance 

Performance is excellent. Using the 
wide i-f alone, a signal-to-noise ratio of 20 
dB was obtained with 1-microvolt input 
from a Knight KG-686 signal generator. 
Using the narrow i-f alone, a 16-dB 
signal-to-noise ratio was obtained with 
the attenuator on the signal generator at 
zero. Avc threshold is reached with 10 
microvolts input, at which point output is 
0.95 volt for a typical setting of controls. 
Increasing the input to 100 millivolts, an 
80 dB increase, only raises the output to 
2.1 volts, a 7-dB increase. 

Future plans for the receiver include a 
general coverage converter using a phase 
locked oscillator so that any multiple of 
500 kHz can be used as a mixer frequen¬ 
cy, with a panadaptor operating from the 
output of the first mixer or possibly from 
a separate first mixer. 
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This digital frequency counter is an im¬ 
proved version of a design that appeared 
in an earlier issue of ham radio maga¬ 
zine.’ The new design features direct 
numerical readout (using Nixie tubes), 
smaller size, simpler construction, and 
some optional circuits for increased versa¬ 
tility. 

Two counter modules are presented. 
One, using five 1C flip-flops, has a nomi¬ 
nal upper counting range of 16-17 MHz, 
The other has a nominal upper range of 
12-13 MHz. but uses only two ICs. The 
simpler construction and lower cost of 
the latter module should appeal to those 
with measurement requirements limited 
to this lower range. 

An optional overrange indicator pro¬ 
vides a visual warning when the count is 
higher than that indicated by the readout 
tubes. Switching logic is designed so that 
frequencies with as many as eight digits 
can be displayed using only four tubes. 

With many new ICs appearing on the 
market, the Motorola devices used in this 
instrument continue to be the lowest 
priced, and their performance exceeds 
published specifications. They are truly a 
best buy for the amateur interested in 
building fine test equipment at lowest 
cost. 

The B-6091 Nixie readout tubes were 
a lucky surplus buy; however, other types 
of readout tubes can be used as long as 
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they're not biquinary. Be sure to obtain a 
data sheet with current-limiting resistor 
values and pin connections. It shouldn't 
be necessary to increase supply voltage 
above 170 volts, nor is it recommended. 

In the design of this counter, I used 
information from Motorola applications 
bulletins, experience from previous de¬ 
signs,^ and suggestions from other ama¬ 
teurs. W2FLJ suggested the 4-MHz 
clock, and W4IGX helped with the mech¬ 
anical layout. 

A block diagram of the basic instru¬ 
ment appears in fig. 1. All modules 
including the power supply are con¬ 
structed on PC boards.' The entire unit is 
enclosed in a 4x7x12-inch Minibox. 

clock module 

This circuit {fig. 2) determines overall 
system accuracy. A highly stable crystal, 
as described by Hoff,^ is us^ as a 
standard. The basic frequency is 4 MHz, 
which is divided twice to 1 MHz, 
then divided down by a series of decade 
dividers to 1 Hz. Five different time bases 
are used. For each time base, the clock 
generates a short pulse timed to occur 
prior to the negative-going transition of 
the main clock pulse. These advanced 
pulses, as well as the clock pulses, are 
selected by a range switch (fig. 7) and 
routed to the control module {fig. 5) for 
processing and use. Range switch contacts 
also ground NE-2 "decimal-point" bulbs 
positioned between the Nixies. 

The crystal, an International HA 1, 





Interior view of the frequency counter showing 
the clock module crystal end zeroing capacitor. 


provides frequency stability without an 
oven. The circuit will oscillate to 10 MHz 
and will remain within 1 Hz of WWV at 
10 MHz if the specified crystal is used 
and the simple instructions in Hoff's 
article^ concerning temperature compen¬ 
sation are followed. 

If you plan to build this counter, a 
100-kHz crystal should not be used. The 
inherent accuracy of digital counters is 
determined by the quality of crystal time 
base. Most 100-kHz crystals will drift to 
the extent that at 10 MHz or so readings 
will be inaccurate, since frequency drift is 
multiplied by a factor of 100. Time bases 
using the 60-Hz line frequency have 
similar problems, and in addition don't 
lend themselves to the range switching 
system used in this instrument. 

17-MHz counter module 

Note that in the beginning of this 
article I mentioned that the nominal 
upper counting range of the counter 
module was 16-17 MHz. The maximum 
upper counting range depends on several 
factors: the JK flip flops, skill of the 
builder, and even luck to a certain extent. 
If reasonable care is used in construction, 
the module should count to 17 MHz. 

This module {fig. 3) uses five flip-flops 
in a ring counter, as described in refer¬ 
ence 3. The ring counter is decoded by 
three MC724P dual quad input gates that 
drive 2N1893 high-voltage transistors. 
These ground the appropriate pin of the 
readout tubes. An MC799P satisfies load¬ 
ing and polarity requirements. 

When completed, the counter should 
be checked with a conditioned pulse, 
such as the 1 Hz output from the clock. It 
probably will be necessary to reset the 
JKs with a 4-V pulse on the reset bus {by 
briefly shorting pins 1 and 2 of the 
counter decade under test). With all 
voltages applied, the Nixies should ad¬ 
vance through 1-2-3 etc., to zero and start 

'Printed circuit boards are available from Staf¬ 
ford Electronics, 427 So. Benbom Road. 
Greensboro, N. C. 27401. Kits, including 
boards and all components, are also available. A 
set of full-size layout drawings for the boards is 
available from ham radio magazine for 75i. 
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over again. 

If the decade hangs up on a number, 
or more than one number lights, the work 
starts. Reference to the 1C truth tables 
and other published information^ should 
help to locate the defect. 

The counter module shown in fig. 4 
uses two of the latest Motorola RTL ICs, 


the MC780P flip-flop and its companion 
decoder, the MC770P.* The MC780P 
contains four internally connected flip- 
flops, with four outputs for decoding and 
the usual toggle and reset inputs. In 

•Listed in Allied's industrial catalogue supple¬ 
ment 692. The MC780P and MC770P sell for 
$4.05 and $3.55 respectively. 
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addition, four direct set inputs can be 
used to set the 1C to any status—a feature 
not needed for a frequency counter, but 
useful for digital clocks. 

Since this combination simplified con¬ 
struction and reduced cost, I obtained a 
supply of these ICs and built decades to 
check their performance. I found the 


MC780/770P combination was not, and 
performance might vary slightly with 
other units. 

I made some checks to determine if 
decade/decoder combinations could be 
intermixed within the same counter mod¬ 
ule. I found them to be incompatible 
because of different carry-pulse polarities. 



fig. 2. Clock module. Circuit provides outstanding frequency stability without an oven. 


maximum reliable count frequency to be 
between 12 and 13 MHz. The more 
complex ring counter consistently count¬ 
ed to 16 or 17 MHz without special 
selection of components. Although the 
ring counter was checked with several 
decade-decoder combinations, the 


However, they operated the overrange 
indicator properly, and no problems 
should occur if four similar decade/ 
decoder combinations are used in the 
same counter module. 

If you are satisfied with a top frequen¬ 
cy of 12 MHz, this new counter design 
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with the two special ICs will greatly 
simplify construction and reduce cost. 

control module 

A linear integrated circuit amplifier, 
the CA-3001, results in a simple control 
module design (fig. 5). The CA-3001 has 
good response to at least 20 MHz. It has 
two outputs, only one of which is used, 
and a built-in gain control provision at 
pin 2, which offers a smooth, non- 
freciuency-sensitive method of controlling 
circuit gain. I tried this method of con- 


should be near 0.65V. Unsatisfactory 
diodes will vary widely. A similar test 
may be made for D1 and D2 by testing 
for a junction drop of 0.25V. Many 
diodes won't pass this test, and many 
junkbox diodes assumed to be germanium 
will turn out to be silicon. Of course, new 
diodes obtained from a reputable manu¬ 
facturer won't require this test. 

logic and timing 

Referring to figs. 1 and 5, 1C2 operates 
as a combination driver and gate by using 



Printed circuit boards used In the counter: left to right, counter module, control module and clock 
module. Four counter modules in the counter are identical. 


trolling level, but the direct potenti¬ 
ometer approach offered better protec¬ 
tion for high-input levels. 

The MC789P Schmitt trigger shapes 
and limits the incoming signal, and diodes 
D3, D4 translate the dc level between 
MC789P and MC799P, acting as a form of 
zener. Junkbox silicon diodes may be 
used if they pass a simple test: connect 
the diode under test in series with a Ik 
resistor and monitor the voltage across 
the diode while the output from a power 
supply across the combination is varied 
from 0 to 10V. The diode voltage drop 


IC3-14 as a switch to pull an internal 
element of IC2 to ground when inhibiting 
the count. If an unprocessed count pulse 
were applied to pins 13, 14 of IC3, the 
gate would open for only half the re¬ 
quired time. 

Pulses from the tens decades in the 
clock module are not symmetrical. IC4 
restores pulse symmetry and delivers two 
voltages of opposite polarity and equal 
amplitude. 

If a 1-Hz gate time is selected by the 
range switch, the following events occur 
(see the timing diagram, fig. 6); the 
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fig. 3. Basic counter module. Ring circuit provides nominal upper counting range of 17 MHz. 


output from IC4 occurs at a 0.5-Hz rate. 
IC4-8 is positive for one second; IC4-9 is 
positive for one second, then its output 
falls to zero, allowing a count pulse to 
pass through IC2-5. 

to the counter decades 

If IC4-9 output is low, IC4-8 is posi¬ 
tive approximately 1.4 V, saturating one- 
half of a gate section connected to IC3-7. 
Diode D1 then conducts, which places a 
positive voltage on the blanking line at 
pin 15 on the module and the power 
supply, where it shuts off the 2N3440 


high-voltage switch that controls power 
for the readout tubes. 

If IC3-7 is saturated, the gate won't 
pass the advanced clock pulse; but when 
the next negative-going transition of the 
clock arrives, the JK reverses state and 
shuts off the count: the blanking voltage 
via D1 goes to zero, and the readout tubes 
light, displaying the count. At the same 
time the voltage will have dropped on 
IC3-7, and it will be ready to pass the 
next advanced pulse, which occurs near 
the end of the display interval. 

When the advanced pulse arrives, it is 
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fig. 4. Alternate counter module using IC's that became available after completion of basic circuit. 


inverted, gated, and allowed to reset the 
counters to zero. D2 conducts and shuts 
off the Nixie power so that when the 
next clock pulse arrives, the counters are 
cleared, the Nixies are off, and the JK 
changes state. D1 picks up the positive 
voltage on IC4-8 so that blanking remains 
off during the new count interval. This 
entire process takes place at speeds from 
1 to 10,000 times per second, depending 
on the setting of the range switch. 

Some blinking will occur at the two 
lowest speed-count settings, but the dis¬ 
play will be continuous at the other three 
speeds. It is possible to eliminate the 
blinking by the use of storage. Blinking is 


not objectionable; therefore storage was 
not used, 

overrange display 

It is possible to measure a signal with a 
frequency much greater than four digits 
by sampling the incoming signal at a fast 
rate. As mentioned previously, gate times 
as fast as 10,000 counts per second are 
used. If the incoming signal happens to 
be, say, 11,234,200 Hz and the gate is 
open at the fastest rate, then 1123 would 
register on the readout tubes—the last 
four digits would be dropped. If “decimal 
points" are connected to proper contacts 
on the range switch (fig. 7), the reading 
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Nores: 

I. PRESET AT MIDRANGE. AT FINAL ADJUSTMENT. ALTERNATELY ADJUST INPUT LEVEL AND THE lOk POT FOR MAXIMUM (IS TOITMHt), 
THEN LEAVE AT THAT POSITION 


ZOBSERVE DIODE POLARITY. THE END WITH THE BANOS IS THE CATHODE. 

fig. S. Control module. The CA*3001 input amplifier has a response to 29 MHz. 


will be directly converted to MHz or kHz, 
eliminating mental arithmetic. 

Now, if the range switch is rotated to 
the 1-Hz sampling rate, the remaining 


fig. 6. Timing of control-module pulses. 
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four digits will be indicated, with the 
counter now reading 4200. (The excess 
count woluld have spilled out of the left 
hand decade in the form of carry pulses, 
lighting the overrange indicator.) 

In counting and resetting, all digits on 
each Nixie are activated, but are permit¬ 
ted to light only during the display period 
by a blanking circuit, which rapidly 
switches the power to the Nixies. Thus, 
the readout tubes are strobed at the same 
frequency as the gate, and the count 
appears to stand still. 

The overrange indicator (fig. 8) acti¬ 
vates a neon light when the count is 
higher than that indicated by the readout 
tubes. The MC723P toggles on the first 
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fig- 7. Power supply and range-switch schematic. 


carry pulse appearing at the left-hand 
counter decade and locks up until the 
next reset pulse. 

power supply 

The circuit shown in fig. 7 is a 
dual-purpose power supply that furnishes 
all operating voltages for the counter. An 
amplifier-switch, consisting of an emitter 
follower and amplifier, provides 
high voltage for the readout tubes. Unreg¬ 
ulated 6.5 volts for the 1C amplifier in the 
control module is taken from the top of 


the low-voltage supply. A Darlington 
pair-zener configuration provides regu¬ 
lated 3.6 volts for the flip-flops. 

construction notes 

A low-wattage soldering iron is essen¬ 
tial when working with solid-state com¬ 
ponents. The inevitable debugging in a 
project such as this will be simplified if 
you have a vacuum-operated de-solder 
device, such as one of those made by 
Soldapult or Ungar. 

The power-supply board is mounted 
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on Vi inch spacers on the rear inside wall 
of the minibox. The large filter capacitor, 
power transformer, and 2N3055 power 
transistor should be mounted so that the 
minibox cover will fit. 

Negative leads should not be grounded 
at the power supply, but should be 
routed to a common point near the front 
of the instrument. The 170-volt supply 
ground return is via the outside conduc¬ 
tor of a length of miniature coax cable; 
the inner conductor carries the high 
voltage. All power leads are in one cable, 
which runs along the left side of the 
instrument. 

A standard Minibox results in a com¬ 
pact instrument that fits nicely on a 
crowded workbench. A ’^-inch aluminum 
strap was bent to form a handle, which 
also serves as a prop to position the 
instrument for easy viewing. 

Readout tubes were mounted on an 
aluminum bracket directly behind the PC 
board sockets. After the Nixie-tube sock¬ 
ets were mounted, masking tape was used 
to cover the sockets and the inside of the 
bracket. The corresponding part of the 


accuracy checks 

Since the input frequency is rarely in 
phase with the counter gate, the dis¬ 
played count varies according to the 
number of pulses in the gate at the time it 
operates. It is therefore normal for the 
counter to have a 1-digit error, which 
extends throughout its frequency range 
of 20 Hz to 15 MHz. At the higher 
frequencies, accuracy depends on the 
crystal clock more than any other factor; 
but at low frequencies, the error remains 
within 1 digit. One of the positions of the 
range switch is used to check the internal 
circuits of the counter. It may be, when 
the counter is completed, that the 100.0 
test position displays 100.1. If this hap¬ 
pens, change the 100-kHz jumper in the 
clock module from pin 13 of IC6 to pin 
14. 

The uses of this counter are not 
limited to its basic frequency. I have set 
150-MHz communications monitors on 
frequency, using the 10th harmonic of a 
15-MHz oscillator. W4BNE regularly 
checks the frequency of a MARS net on 
50 MHz using a similar method. 


fig. 8. Overrange indi¬ 
cator schematic. Neon 
bulb illuminates when 
fourth counter decade 
put out a carry pulse. 


TO BLANKED 
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enclosure was sprayed with dull black 
lacquer to suppress reflections. 

A panel bezel was sawed out of scrap 
%-inch plexiglass, filed to shape, painted, 
and mounted over a cutout on the end of 
the minibox. A small glass window for 
the readout tubes was secured by clips. 
Datak dry decal transfers were used to 
mark the panel. The printed circuit 
boards were mounted on short lengths of 
'A-inch aluminum angle. 
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Recent articles in ham radio of vhf power 
amplifiers using strip line tank circuits^-^ 
inspired me to boost the output of my 
Communicator IV to a kilowatt on 2 
meters. ‘I used an Eimac 5CX1500A 
pentode in a grounded-cathode linear 
amplifier circuit (fig. 1). No drive power 
is required, which eliminates the need for 
a buffer amplifier. 

strip line plate circuit 

Details of the "sandwich" lank circuit 
are given in fig. 2. The grounded lower 
plate is slightly wider than the upper 
plate to accommodate the antenna loading 
clip. Four 10-32 screws and nuts and eight 
polystyrene washers hold the assembly 
together. Two sheets of Teflon, 15 mils 
thick, are used for insulation between 
plates. The capacitance of this sandwich 
measures 285 pF. 

Upper and lower plates are made of 
1/8-inch-thick silver-plated copper. The 
upper plate is cut to accommodate the 
tube's 3-3/8 inch-diameter cooling fins. 
The narrow section is cut through, and 
both ends are bent up and drilled for a 
6-32 screw and nut. This clamps the end 
of the tank circuit to the tube. The lower 
plate is bent to form the rear support for 
the assembly. It is grounded by screws at 
the end farthest from the tube. 

High voltage is fed to the plate 
through an rf choke at the low-impedance 
point of the upper plate. I used a 3-30 pF 
vacuum variable for plate tuning, but a 
capacitor with range of about 2-10 pF 
should be adequate to tune 144-148 
MHz. 

power supplies 

Plate and screen supplies are conven¬ 
tional (fig. 3). The bias supply uses a 
small line isolation transformer and a 
silicon-diode bridge rectifier. I couldn't 
find a 5-volt, 40-ampere filament trans¬ 
former in any catalog or ham equipment 
supply store, so I used a type F530 
Stancor transformer (5 V, 30 A) with an 
autotransformer in the primary to obtain 
5 volts at the tube-socket terminals. After 
two hours of operation, the transformer 
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temperature rise was insignificant. minum box (fig. 4) houses the amplifier. 

A shelf separates input and output cir- 
enclosure cuits. A 3Vi-inch cutout in the top plate. 

The amplifier is built on a standard directly over the tube, permits cooling air 

19-inch panel, which is 19% inches high to vent out of the cabinet. A perforated 

to accommodate blower height. An alu- metal plate covers the blower cutout. An 
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PRlMMr 

BUS SUPPLY 

/f5V 

60Ht 

*500V 

C1.C7.C8, 

C9.C10 

.001 mF (Centralab type 858S) 

LI 

8 turns no. 16 tinned copper. 5/8 
diameter, 1-1/8" long 


C12>C1S .001 feedthrough capacitors Blower must deliver 60 to 100 cfm 

(Erie type Ck70AW-102M) 


fig. 1. Schematic of the easy«to«drive 2>meter linear amplifier. Low interelectrode capacitance of 
the 5CX1500A eliminates neutralization. Third-order intermodulation distortion is ^36 dB. 


Amplifier bottom view showing input pi network. 



Eimac SK806 chimney confines air flow 
through the tube cooling fins. The fila¬ 
ment transformer primary connections, 
grid-bias connections, and screen connec¬ 
tions are brought out of the box with 
feed-through capacitors. 

The upper control in the front-panel 
photograph is for plate tuning; the two 
lower controls are for the input circuit pi 
network capacitors. 

tuning linearity adjustment 

Control of rf drive is necessary to 
adjust the amplifier for linear operation. I 
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BOTTOM PLATE 


fig. 2. Construction details of the strip line tank. Material is 1/8'inch silver-plated copper separated 
by two 15*mil-thick Teflon sheets. 


installed a potentiometer in the driver to 
adjust the output tubes's screen voltage. 
To adjust amplifier linearity, proceed as 
follows. 

Connect the exciter output to the 
amplifier input through a directional 
coupler. Apply bias and filament power 
to the amplifier. Adjust both driver 
tuning and the amplifier pi network 
capacitors for maximum incident output 
through the coupler. Switch the coupler 
to reflected power and adjust the pi 
network and exciter tuning for a mini¬ 
mum, which should be almost zero. In¬ 
crease grid bias to maximum, and reduce 


rf drive. Connect a dummy load and an rf 
indicator to the amplifier. Place the an¬ 
tenna clip along the bottom plate at a 
point about 3 inches from the ground 
end. 

Apply plate and screen power, and 
increase excitation until the output in¬ 
dicator shows power. Tune the plate 
capacitor for maximum rf output. Do not 
allow amplifier screen current to increase 
above 50 mA during this adjustment. 
Adjust drive and bias for a plate current 
of 350 mA. When the plate tuning capac¬ 
itor is adjusted, screen current can also be 
used to indicate resonance. 
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CR1-CR4 Each diode consists of 8 series' 
connected 600 V, 1 amp silicon 
diodes 

CRS'CRIO 600 V, 1 amp silicon diodes 


T1 

T2 


3000 volt center'tapped trans* 
former 

117—117 Vac Isolation trans¬ 
former 


fig. 3. Plate, screen and bias supplies. 


Linearity adjustment should be made 
with an oscilloscope. I used a parallel 
resonant circuit to couple the amplifier 
output to the scope. Complete details for 



fi9. 4. Rf enclosure detail. Mate- 
rial is 1/l6-inch aluminum. 


obtaining linear operation are given in 
reference 3. 

Loading adjustments are made by 
moving the clip lead to different positions 
along the bottom plate of the strip line 
tank. Make certain that both plate and 
screen power are removed before making 
these adjustments. Replace the top plate 
after each new position, and resonate the 
plate circuit. 

The 5CX1500A, with 1500-watt plate 
dissipation, runs considerably under its 
maximum ratings for amateur operation. 
During cw tests, it easily delivered a 
kilowatt into a dummy load. 
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computer 

processing 

slow-scan 
television pictures 

A discussion 
of computer techniques 
used to enhance 
the quality of 
slow-scan 
television pictures 


Of all computer applications, the process¬ 
ing of pictorial information is perhaps the 
most spectacular. Using a high-speed digi¬ 
tal computer and its peripheral output 
equipment (the line printer, contour plot¬ 
ter, cathode-ray tube display, etc.), it is 
possible, for example, to transform a 
multitone photograph into a line drawing, 
and to obtain various perspective views of 
the object photographed. You might even 
simulate the pilot's view of an aircraft- 
carrier's flight deck together with a 
"movie" showing a landing on the air¬ 
craft.^ Whatever the job, use of the 
computer to process and display pictoral 
and graphical information has provided 
the scientist, engineer, educator, artist— 
and yes, the radio amateur—with a highly 
versatile and accurate tool. 

Many readers of ham radio may al¬ 
ready have an appreciation for the data 
handling capability of the digital com¬ 
puter; however, the details of picture 
processing probably remain a mystery. 
For this reason, we will discuss some 
basic picture processing techniques. Fur- 
□ ther, we will apply the processing tech- 
2 ! niques to slow-scan television pictures to 
■5 demonstrate the effects on a picture 
o. 



^ digitization and computer processing tech- 

H niques. 
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produced by dynamic range compression 
and contrast enhancement. 

sstv fundamentals 

Before examining the various aspects 
of picture processing, let's briefly review 
some slow-scan fundamentals. The pic¬ 
tures we processed were produced in 
accordance with the sstv standard pro¬ 
posed by Macdonald.2 This standard 
specifies a slow-scan picture having a line 
frequency of 15 Hz and a frame period of 
8 seconds. Pictures contain 120 lines and 
consist roughly of 14,400 picture ele¬ 
ments. Horizontal sync is transmitted as a 
5 millisecond burst of 1500 Hz, while the 
vertical sync consists of a 30 millisecond 
burst of 1500 Hz. Video information is 
transmitted at frequencies between 1500 
(black) and 2300 (white) Hz. 


was recorded by W7FEN. The picture's 
characteristics are less than ideal. Already 
downgraded by the fact that the multivib¬ 
rator in the camera at McMurdo was not 
swinging through the entire 1500 to 
2300 Hz video spectrum, the picture was 
further degraded by atmospheric noise. 
To the extent that the picture is far from 
ideal, it presents an excellent opportunity 
to investigate the capability of our pro¬ 
cessors. 

analog to digital conversion 

The pictures were re-recorded on 1- 
inch, 1.5-mil telemetry tape at a speed of 
I'h ips. To satisfy input requirements of 
the analog-to-digital (A-D) converter, it 
was necessary to use a playback speed of 
0.5 X real time (3% ips). Small plug-in RC 
networks were used to determine the 
center frequency of the discriminator. At 


the pictures 

The pictures processed came from two 
sources. The first (fig. 1) was recorded 
directly from the output of a transistor¬ 
ized slow-scan camera. By using this 
closed-circuit procedure and a simple 
four-letter black-on-white card we were 
assured of having an acceptable picture to 
test digitization and processing proce¬ 
dures. This test picture was initially re¬ 
corded on mylar audio tape using a 
recording speed of 3% ips. 

The second picture we processed is 
shown in fig. 2. Originally transmitted on 
20-meter ssb by KC4USV, the picture 



fig. 2. Single slow-scan frame transmitted on 
14 MHz by KC4USV, Antarctica, and received 
by W7FEN. 
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fig. 3. Successive horizontal lines of the sstv 
test card. 


3% ips playback speed the center frequen¬ 
cy is 750 Hz; our discriminator's center 
frequency, however, could not be low¬ 
ered below 840 Hz. 

The pictures were digitized at an 
equivalent rate of 2,000 samples per 
second; this provided a total of 16,000 
data points for one complete sstv picture. 
After A-D conversion, the digitized pic¬ 
tures were placed on magnetic tape. 

Oscillograph records of the sstv pic¬ 
tures proved helpful during processing. A 
sample record showing several lines of the 
"SSTV" test card is shown in fig. 3. Note 
that the sync pulses are negative, and that 
the downward excursions of the positive 
values display portions of the "S," the 
next "S," the stem of the "T," and the 
two sides of the "V." You also can see 
that each line is brighter on the left side 
than on the right. This results from the 
original test card having been illuminated 
from the left. 


picture preparation 

The ideal digitized picture contains 
two classes of information; sync and 
video. The viewer is only interested in the 
video, while the sync insures that each 
line is displayed properly. The process of 
preparing this picture for computer pro¬ 
cessing is one of stripping off the sync 
and of storing the picture information in 
some systematic manner. However, prob¬ 
lems related to picture digitization and 
quality must be overcome if we are to 
effectively process the pictures. 

We will restrict the discussion below to 
the general types of problems involved in 
preparing a picture for computer process¬ 
ing. 

Identification. As we digitized many 
pictures, a label was written ahead of 
each picture. This label consists of a 
number and alphanumeric title; the total 
number of points in the picture, normally 
16,000, is also recorded. To find a specif¬ 
ic picture the computer searches for a 
given number and reads the stated num¬ 
ber of digital points into memory. The 
alphanumeric title is also read and is used 
later to describe the processed picture. 

Picture bias. Because of our discrimi¬ 
nator's center frequency being unavoid¬ 
ably high, the digitized pictures contained 
a negative offset, confusing the sync and 
video signals. Thus, a fine adjustment to 
the dc level was required. This was 
accomplished by examining the photo¬ 
graphic readout of the digitized picture, 
determining the negative offset, and 
adding the absolute value of the offset to 
each picture point. 

Clipping. We frequently observed large 
positive spikes in the signal. The spikes use 
up the dynamic range of the picture, 
relegating the video information 
to the obscure background. To meet this 
problem, the white level of the bias- 
corrected picture was determined, and all 
information (spikes) above this level clip¬ 
ped of. 

Sync stripping. Sync pulses should be 
distinguished by their negative values and 
their length in time. At 2,000 samples per 


second, a 5 msec horizontal sync pulse 
should contain 10 digital points, while 
the vertical pulse, being 30 msec long, 
contains 60 points. Unfortunately, the 
sync is not stripped easily. Since the 
sampling rate'of 2,000 samples per sec¬ 
ond is only a nominal value, sync pulses 
generally contain more or less points than 
the theoretical 10 and 60; further, we 
occasionally found positive spikes within 
the negative sync pulses. Thus, we re- 



fi9. 4. Hypothetical display of a “u/orst-case" 
&&tv signal. Fortunately, most of the picture 
information we processed was free from Inter- 
fereneet 


quired that once a negative point was 
found, the computer interpret this as the 
first point of a sync pulse. The computer 
was then to look for the first positive 
point to appear next (the first picture 
point of the line), but to ignore all 
positive points which appeared within 8 
points of the first negative point. 

Similar to this problem was the pres¬ 
ence of negative spikes within the video 
portion of the picture. To insure that 
these spikes did not trick the computer 
into thinking it had found a sync pulse, 
we required that once a line of video was 
found, the computer was to process at 
least the next 115 points as video. 

Fig. 4 shows the type of digitized 
information encountered and the manner 
in which this information was processed. 

Note that if the timing of the original 
sstv signal were perfect, and if the digitiz¬ 
ation rate were exactly 2,000 cps, the raw 
picture would consist of 120 lines, each 
line containing 123 video points. The 
lines we will process, however, are 
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made to consist of 120 video points. This 
is done purposely so that we can display 
the picture on the computer's line printer 
in the same manner that one types out a 
picture using X's, 5's, etc. (quite a popu¬ 
lar pastime with the RTTY crowd). 

picture processing 

Once the sync has been stripped from 
the signal and each line filled to 120 
points we are ready to begin processing 
the picture matrix. A matrix is nothing 
more than an orderly array of numbers; 
here we allow for a matrix with up to 140 
rows (sstv lines) and 120 columns (120 
horizontal picture points). Let us perform 
the following operations on this picture 

2.50 1.25 2.50 

matrix: 

1. Quantize the picture elements and 
plot the picture on the line printer 

0.50 0.25 0.50 


of the simplest forms of picture process¬ 
ing we can perform is to quantize the 
picture elements and plot the levels using 
the line printer's symbols. To do this we 
first determine the maximum value with¬ 
in the matrix and divide every number by 
this maximum value. Assuming we want 
N levels in the plot, each point is multi¬ 
plied by (N-1) and 0.5 added to the 
product. These numbers are then trun¬ 
cated (numbers after the decimal point 
thrown away) and a specific symbol 
assigned to each integer. 

As an example of this procedure, 
consider the following foreshortened sstv 
line: 

.00 5.00 2.50 2.50 5.00 5.00 2.50 1.25 2.50 

The highest number is 5.00; when we 
divide each number by this value, the line 
values become: 

.00 1.00 0.50 0.50 1.00 1.00 0.50 0.25 0.50 


using various symbols (X's, 5's, 
etc.). 

2. Contour the picture (line extrac¬ 
tion). 

1.00 0.75 1.00 


Let's assume we want to plot the picture 
on two gray-scale levels, black and white. 

N is 2, and (N-1) is just 1; thus, multi¬ 
plying each point by 1 and adding 0.5, we 
obtain: 

.50 1.50 1.00 1.00 1.50 1.50 1.00 0.75 1.00; 


which, when truncated, yields: 

10 111111110 1 


3. Compress the dynamic range and 
enhance the contrast. 

Certainly, computer processing has 
progressed to the point where the first 

X XX 

two operations are easily executed. The 
third type of processing is a bit more 
sophisticated, however, and generally re¬ 
quires a computer with a large memory. 
The computer we used has a rather 
limited core (32,000 locations), of which 
up to 16,800 locations can contain pic¬ 
ture points. For this reason only a very 
basic type of dynamic range compression 
and contrast enhancement will be demon¬ 
strated. 

quantizing to n levels 

Having formed a picture matrix, one 


If we assign the symbol X when the 
picture element is 1, and a bland when 
the element has value 0, the line appears 
as: 

X X X X X X X 

Fig. 5 shows the test "SSTV" call card 
displayed in two gray-scale levels. As you 
would expect, the printed material re¬ 
quires only the black-white display for 
effective presentation (the dot between 
the S's is a blemish on the vidicon target). 

A printer plot of the Antarctic picture for 
two gray-scale levels is shown in fig. 6. 
Despite the fact that the original material 
was black and white, the two-level display 
is far from satisfactory because of tonal 
gradation introduced by transmission. 
This picture will require further process¬ 
ing. 
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fig. S. Line printer display of the sstv 
test card. Displays of this type are quite 
popular among RTTY enthusiasts. 


cessed previously the fourth through 
tenth points can each be derived from the 
third point. All we have to do is transmit 
data where the values of the picture 
change, the location of this data, and 
instruct the processor how to reassemble 
the picture. Thus, for the line: 


10 1111 
we transmit only: 

location 

1 

2 

3 

11 

12 


11110 1 

value 

1 

0 

1 

0 

1 


and insist that where a value is not 
specified, the previous value be substi¬ 
tuted. Here 10 pieces of data must be 
transmitted instead of the original 12, 


fig. 6. Line printer display of the 
KC4USV—W7FEN slow-scan picture. 



Printer plots of the type discussed 
above may at first appear to be a novelty; 
however, they afford the analyst with a 
good first-order presentation of the pic¬ 
ture matrix and allow him to make 
decisions as to further processing the 
picture. 

Note that the printer-plot pictures are 
spread in the vertical direction. This is a 
consequence of the intersymbol spacing 
being less than the line spacing. However, 
the advantage of using this form of 
display for a quick first look far out¬ 
weighs the geometrical distortion. 

One important aspect of the quan¬ 
tizing procedure is that we could now 
take advantage of the intrinsic redundan¬ 
cy present in the picture. We see from the 
line of truncated values that data points 
exist which may be derived from neigh¬ 
boring data points using some simple 
interpolation procedure. In the line pro- 
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and the redundance factor is 12/10 or 
1.2. While this is not high, we can easily 
see that if the redundance factor can be 
made sufficiently large, elimination of the ' ■ 
redundant data points can result in a . 
significant saving in bandwidth. 

We can also consider the redundancy ,-. 
between successive pictures as did Inger- 
son.^ Here, the entire picture is stored in 
a computer's memory and only those 
points which change from picture to ' 
picture by more than a minimum speci¬ 
fied amount are changed. f' 

picture contours 

Considerable information is contained 
in a multitoned picture. Yet in many 
cases we want to retain only the essential 
features of the picture. For example, it 
may be our purpose to identify a given 
pattern within a background of noise; to 
do this we only need the outline of the 
pattern. What we want to do is to extract 
a black-and-white line drawing of the 
picture-that is, we seek to contour the 
picture at various amplitude levels (i.e. 


fig. 8. Computer contour plot of 
the KC4USV—W7FEN slow-seen 
frame. 
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fig. 7. Computer contour plot of the sstv test 
card. Note that line extraction causes only the 
essential features of the picture to be retained. 


gray levels). Standard routines are avail¬ 
able to contour data, and we will not 
detail their logic here. 

Contour plots of the "SSTV" card and 
the KC4USV transmission are shown in 
fig. 7 and 8. Both pictures were con¬ 
toured at the 0.5 level (peak level = 1.0). 
In each case the essential features of the 
information contained in the original 
picture have been extracted and outlined. 

dynamic range compression 
and contrast enhancement 

We can consider our picture elements 
Bxy to be formed by the product of an 
illumination term Ixy and a reflectance 
term Rxy^ The illumination function 
varies slowly over the picture so it con¬ 
sists of low-frequency components. The 
reflectance term, however, contains the 
picture information and is represented by 
high-frequency components. The bright¬ 
ness at a given point (x,y) in the picture 
matrix is then the product of the illumi¬ 
nation term at (x,y) and the reflectance 
term at (x,y).That is: 


^xy Ixy 


'xy 


f 
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fig* 9- Five-level line printer display of the 
KC4USV picture. Because of poor contrast the 
picture can only be defined by using the third 
gray-scale level (0.62S on a scale of 1.0). 


We can easily demonstrate the multi¬ 
plicative nature of the picture as follows. 
Consider a picture that consists of a black 
square on a white background. The pic¬ 
ture is illuminated from the left so the 
right side of the picture is darker than the 
left. One line from the center of the 
picture will appear as follows: 



But this is just the product of the 
following two waveforms: 


We want to reduce the effect of the 


fig. 10. Five-level printer display of the pro¬ 
cessed KC4USV picture. Because of enhanced 
contrast an improved picture can now be 
outlined using only the second gray-scale level 
<0.37S on a scale of 1.0). 

illumination term by making it more 
uniform. This can be done by raising the 
illumination term to a power c which is 
less than 1. On the other hand, to 
enhance the contrast we want to raise the 
reflectance term to a power a greater 
than 1. Thus, the processed picture is 
represented as follows: 

p =1 ^ • P 

®xy 'xy '*xy 

We conveniently assume that the illumi¬ 
nation term can be represented by a 
plane. 

Let's apply the above picture process¬ 
ing technique to the W7FEN Antarctic 
picture. Fig. 9 is a line printer output of 
the unprocessed picture; five gray scales 
are displayed with the lower three en¬ 
closed by contours (the contours repre¬ 
sent the .125, .375 and .625 levels of a 
picture for which 1.0 is the maximum 
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fig. II. Contour plot of the unprocessed 
KCdUSV picture. Again, it is only after the 
third gray-scale level Is plotted that the picture 
is defined. 




a 


fig. 12. Contour plot of the processed 
KC4USV picture. As In fig. 10. only the two 
lower gray-scale levels must be plotted. 


picture value). The picture information 
for the call letters and penguin is very 
poorly defined. After dynamic range 
compression and contrast enhancement, 
however, a more satisfactory picture is 
obtained (fig. 10). Here only the lower 
two contour levels (.125 and .375) are 
needed to define the picture, with the 
pictorial information now more in relief 
against a uniform background. A value of 
0.5 was used for e, while the value for a was 
set to 2. 

The differences between the two pic¬ 
tures is portrayed in more detail by the 
contour plots of fig. 11 and 12. Again, 
the lower three and two contour levels, 
respectively, are contoured and plotted. 
Among other things, note how the pen¬ 
guin is better defined in the processed 
picture. 

summary 

This, then, is a presentation of basic 
picture processing, one of the most inter¬ 
esting applications of modern computer 
technology. Using techniques which only 
a decade ago would have been costly and 
time consuming to implement the experi¬ 
menter is now able to see both qualita¬ 
tively and quantitatively the products of 
his labor-and he can do so with much 
saving in time, money and effort. The 
flexibility of this tool is still being ex¬ 
plored with the presentation of moving, 
colored images but one of many recent 
advances. Whatever the application, we 
can be assured that picture and graphical 
processing by computer will shortly per¬ 
vade many aspects of our lives. 
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new look 

in 

teleprinters 


Significant advances have been made in 
teleprinter development within the last 
few years. Although they won't reach the 
amateur market for some time, these new 
machines have some interesting design 
trends that will appeal to the amateur 
rtty fraternity. 

This article reviews some of the new 
teleprinters using thermal, piezoelectric 
impact, and conventional impact printing 
techniques. All are designed for mobile 
use. Interestingly enough, all are also 
designed for use with separate keyboards. 
This is because of varied installation and 
end-use requirements—for example, po¬ 
lice-car printers don't require keyboards. 
Another design trend is toward half-page 
printers to save space in crowded aircraft 
cockpits and patrol cars. 

Solid-state logic and integral clocks 
permit a wide variety of input codes and 
printing speeds. The most commonly 
used codes are Baudot and the American 
Standard Code for Information Inter 
change (ASCII). The latter is similar to 
Baudot but has eight levels, making pos 
sible 128 characters. 
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NCR thermal printers 3 

National Cash Register has developed a ® 

technique for true thermal printing. Their ^ 
printer has no moving parts except in the ^ 
paper advance mechanism. The secret to g 
this technique is a special NCR-developed ™ 


thermochromic paper. The paper has 
heat-sensitive chemicals dispersed 
throughout. The chemicals change to a 
blue black color when heated by the 
thin film print head. The resulting copy 
will not smear and is insensitive to light. 
Print quality is as good or better than the 
best impact printing. 

The printer accepts conventional in¬ 
formation codes. Speed is in the medium 
range up to 300 wpm. The miniature 
printer has 26 characters per line, while 
the full-page machine has 80 characters 
per line. 

The incoming signal is processed in a 


Motorola TT*580 miniature teleprinter. 
The DATA position of the speed switch 
is for ASCII code; others are for various 
speeds of Baudot. 
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solid-state logic section, which drives the 
print head. The head consists of a matrix 
of thermal elements that apply heat 
instantaneously to discrete dots. On a 
print command, the desired elements are 
heated, forming dots on the paper to 
make the characters. Each character is 
formed from a 5 x 7 dot matrix. Line 
feed is automatic upon completion of a 
line. Since the print head has no moving 
parts, there's no need for a mechanical 
carriage return. The printer is extremely 
quiet, both accoustically and from a 
radio-frequency interference standpoint. 

NCR has also developed a thermal tape 
printer/reader that handles either thermal 
or conventional, punched tapes inter¬ 
changeably. 

piezoelectric printers 

Motorola's TT-580 is classed as an 
impact printer, but its design is different 
from conventional impact units. As with 
all new printer designs, the TT 580's 
solid-state electronics can be adapted to 
handle any of the standard input data 
codes. 

The novel feature of the TT 580 is its 
character-printing method. The hammer 
consists of a brass plate sandwiched be¬ 
tween two 0.009-inch-thick plates of lead 
titanate zirconate-a piezoelectric device. 
A voltage applied to the hammer causes it 
to flex. The hammer flexes in one direc¬ 


The Codamite TT-587 printer 
used by the U.S. Merine 
Corps. 



tion then reverses, resulting in amplitude 

A (fig. 1). 

Dots are produced when the hammer 
impacts pressure-sensitive paper against a 
helical platen. Characters are formed on a 
dot-by-dot basis, using a conventional 5 x 
7 matrix. The unit uses only six crystals 
to print all 30 characters. The paper 
moves in a continuous vertical flow. The 
printer weighs only 15 pounds; power 
consumption is a mere 5 watts. 

Motorola also makes the VP-100 prin¬ 
ter, which is just slightly larger than a 
cigar box. A special code is used that 
requires a wider bandwidth than Baudot. 
However, the code provides communi¬ 
cation security and higher immunity to 


The TT-580 with cover removed. 



man-made interference. A selective calling 
feature allows messages to be sent either 
to individual stations or to all stations 
simultaneously. 

new impact printers 

Anyone familiar with World War II 
machines would be amazed at the clean, 
simple design of the Codamite printers 
developed by Bill Johnson, W6MUR,* 

•Amateurs who haunt the 20-meter band will 
surely remember W6MUR'$ impeccable cw 
signal—an inspiration for all who aspired to good 
radio-telegraphy, editor 




fig. t. Ptezoefectric hammer used by Motorola. 
The bimorph bender unit is made from two 
pieces of PZT ceramic bonded to a brass plate 
with conductive epoxy adhesive. 


and his staff. These are half- and full-page 
units for military and law-enforcement 
use. Their design is a radical departure 
from conventional impact printers. 

The Codamite series uses three pre- 


ingeniously re-inked, and very easy to 
replace. 

While the new mobile printers are 
half page units, carriage return and line 
feed are designed so that no characters 
are lost when reproducing full-page copy. 
The TT-587, shown in the photos, is a 
special design for tactical military and 
cryptographic use. Note the features em¬ 
ployed to reduce rfi: fingerstock shield¬ 
ing, double enclosure, and screened pa 
per-feed window. 

conclusion 

The case for using rtty printers in 
police cars and other mobile installations 
is a strong one. Radio frequencies are 
used to better advantage, message secu¬ 
rity is obtained, and hard copy provides 
higher accuracy and a complete record of 
the message. It's a good bet that printers 
will be used in most of the country's 
public-service vehicles within the next 
few years. 



Inside view of the Codamite TT-S87. 
Unit is packaged to reduce rfi and is 
ruggedly designed for field use. 


cision stepping motors to index the type 
font, which is in a conventional 8x8 
octagonal matrix. The type is made from 
a special metal-plated plastic. The stepper 
motors are coupled by high-strength, 
metal-taped pulleys. One motor rotates 
the type font, a second traverses the 
printing hammer, and a third translates 
the font. A miniature solenoid acts as the 
hammer. The ribbon is a mobius loop. 



The Motorola VP-100 miniaturized tele¬ 
printer. It uses a special code for communi¬ 
cations security and features selective 
calling. 

The trend in new teleprinters is toward 
light-weight, compact, easily maintainable 
designs. The price range of units des¬ 
cribed in this article is from $800 to over 
$12,000. However, the day will come 
when you can have a complete rtty 
station in the same space occupied by 
your transceiver and at a comparable 
price. 

ham radio 
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One of the most useful items of test 
equipment is a good signal generator. The 
instrument described in this article has 
features found in expensive manufactured 
equipment, yet it can be built in a few 
evenings for the price of the components. 

Solid-state construction results in 
small size and light weight. The tuning 
range is from 120 Hz to 95 MHz. An 
automatic level control and narrowband 
fm sweep circuit are included. Power 
supply and modulator are integral in the 
design. 

description 

A block diagram is shown in fig. 1. 
The oscillator is a Hartley in a grounded- 
collector circuit.^ The oscillator drives an 
emitter follower, which provides the low- 
impedance output. The automatic level 
control eliminates the need for an output 
level meter and compensating control, 
which must be adjusted with frequency 
change. The output is constant within 1 
dB. 

Frequency sweep is produced by a 
varicap across the oscillator tank. Sweep 


42 july 1970 



voltage is generated by a unijunction 
oscillator, which also provides amplitude 
modulation. Rf output is varried by a 
switched attenuator in five 20-dB steps. A 
manual level control is also provided. 
Maximum output is 100 mV rms; mini¬ 
mum output is about 0.1 microvolt. 

basic circuit 

The oscillator, automatic level control, 
and attenuator are shown in fig. 2. The 
ale consists of a diode detector followed 
by a dc amplifier that controls the oscilla¬ 
tor's base current. One end of the 
MV 1626 varicap is at dc ground through 
a Tmeg resistor; sweep voltage is applied 
at this end. The other end of the varicap 
receives a variable voltage supplied by the 
"fine tuning" potentiometer. 

The tuning capacitor is a broadcast- 
receiver variable. If you have one with 



fi9. 1. Block diagram of the 
solid-state signal generator. 


built-in trimmers, either remove them or 
set them at minimum capacitance. The 
tuning dial is a dual-ratio unit made by 
Jackson Brothers in England. (Miller 
makes a similar unit in the United States.) 
To obtain stability and smooth tuning, 
the same care should be used in con¬ 
struction as when building a vfo. 

construction 

Coil and bandswitch layout require 
some care. For the highest-frequency 
band, capacitor leads contribute an appre¬ 


ciable amount of the total tank induc¬ 
tance, so they should be as short as 
possible. 

The value of Ql's unbypassed emitter 
resistor, R1, and Li's tap are determined 
by trial. Normally, the tap will be be¬ 
tween one-fifth and one-quarter of the 
way down from the top of the coil. The 
oscillator should just sustain oscillation, 
and output should be constant across 
each band (with the ale out of the 
circuit). These requirements are met by 
using the optimum combination of Li's 
tap and Rl's resistance. Here's how it's 
done. 

First disable the ale by removing the 
end of the 18k resistor that goes to Q4's 
collector. Connect the end of this resistor 
to -1-5 volts. Then, for each band, adjust 
Li's tape and Rl's value so the oscillator 
just sustains oscillation over most of the 
band. Plenty of overlap will exist between 
bands, so don't be concerned if the 
circuit stops oscillating at the low ends. 
Output level can be checked with a vtvm 
connected to OS's gate. 

Coil constants are given in table 1. Tap 
the coil carefully removing insulation 
from part of one turn, then solder a 
length of fine wire to it. Take care not to 
short adjacent turns. 

After the oscillator is working well 
over each band, reconnect the 18k resis¬ 
tor to Q4's collector and adjust the 10k 
trimpot for about -1 volt at the gate of 
Q3 (measured with a vtvm). The trimpot 
will likely have to be touched up a bit to 
get the same output level over each band. 

the attenuator 

A tee rather than a pi attenuator was 
chosen because it's easier to obtain the 
required resistance values. The desired 
values are 40.9 ohms and 10.1 ohms. 
Standard 5 percent values of 43 ohms and 
11 ohms will result in an attenuator 
impedance of about 55 ohms rather than 
50 ohms, but the attenuation will be very 
close to 20 dB. It's important that the 
resistors be carbon composition, and the 
lower the wattage the better. The smaller 
resistors have a lower inductance, thus 
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fig. 2. Oscillator, automatic level control, and attenuator schematic. Oscillator coil tap and Rl’s 
value are determined empirically (see text). 


attenuation will be constant at the higher 
frequencies. I used %-watt resistors; the 
error is small, even at 95 MHz. The level 
control must be a carbon film type. 

The value of R2 depends on the rf 
output voltage produced by the oscilla¬ 
tor. Substitute different values of R2 
until 100 mV into a 50-ohm load is 
measured with an rf voltmeter. All atten¬ 
uation should be switched out, and the 
level control should be set at maximum. 
In my circuit, R2 was 120 ohms. 

With all five attenuator sections 
switched in, the output will be 1 micro¬ 
volt and can be varied to about 0.1 
microvolt with the level control. These 


numbers apply only if the shielding is 
good. Rf can leak out of very tiny cracks, 
so the attenuator compartment must be 
closed very tightly—I soldered mine shut. 
The coax braid connecting the attenuator 
to the oscillator compartment should be 
soldered all around the inside of its entry 
hole. 

Details of the sheet-metal work for the 
attenuator compartment are shown in fig. 
3. 

power supply and modulator 

The power supply and modulator 
schematic is shown in fig. 4. The power 
supply uses a voltage doubler circuit with 
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table 1. 

Coil data. 



Band 

frequency 

inductance 

remarks 


(MHz) 



1 

.12 ■ 

.28 

2.5mH 

a 4-pie RFC tapped 
between first two pies 

2 

.45 - 

1 .0 

350 mH 

Miller 9012 

3 

2.2 - 

5.5 

30 mH 

Miller 4407 

4 

5.5 

- 1 8 

3 mH 

M iller 4404 

5 

16 - 

55 

0.25 

5 turns on Va” dia, 
slug-tuned form 

6 

25 - 

95 

0.025 /iH 

a hairpin of iF 1 4 AWG 


V 2 inch long and V 2 inch 
wide 


a filtered output of 15 volts. The filter 
drives an emitter follower, whose base 
voltage is fixed by a zener. Any zener 
between 10 and 12 volts will be suitable. 

The modulator is a simple unijunction 
relaxation oscillator coupled into a source 
follower. The source follower output is 


switched either to the varicap in the fm 
mode, or through a filter to the base of 
the rf oscillator in the a-m mode. 

For a-m, the modulation frequency is 
1000 Hz, which can be set by the 
trimpot. For fm sweep, the frequency 
should be quite low—about 5 to 10 Hz. 


T 

1. 



X 

i 

± _ 



j-G 


i J 

\ . 


T 

1 _ 






v v: 


j 

t 

1 

i 

V"~7 















■— f- pL ! —• 


_ 



BOX 



fia. 3. Layout tor at- 
tenuator enclosure. Ma¬ 
terial can be thin brass 
sheet or “tin can” 
stock. 
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Because the supply voltage is rather low, 
you may have some difficulty getting the 
unijunction oscillator to operate with the 
required high value of emitter resistance. 
Use the highest resistor value that sustains 
oscillation. 

The LC filter in the a-m position 
smooths the sawtooth waveform into a 
more sinusoidal shape. Ideally, the choke 
and capacitor should resonate at the 
modulation frequency. However, it's not 
too important that the waveform be 
sinusoidal. 


attached to the chassis under the oscilla¬ 
tor compartment. The construction of 
the filter is shown in fig. 5. 

The 110-volt ac input enters the chas¬ 
sis through another low-pass filter. 1 was 
fortunate enough to find several good line 
filters at a local surplus emporium. How¬ 
ever, a suitable unit could be made by 
using two more low-pass filters similar to 
the one in the positive-voltage line. They 
should be enclosed in a metal box. 

The 110-volt ac input should enter the 
chassis through a male plug mounted 


3D PIV 



fig. 4. Power supply—modulator schematic. A simple voltage-doubler, zener regulated supply is 
used. The modulator supplies either a-m or fm sweep voltage. 


The degree of amplitude modulation 
and the sweep width are controlled by 
the "modulation" pot. Sweep voltage is 
fed to a BNC connector on the chassis 
rear apron for connection to a scope. 

shielding and layout 

The rf oscillator must be well 
shielded—this means no extra holes in the 
compartment. In most signal generators, 
rf leakage occurs primarily through the 
power-supply circuit into the ac line. To 
reduce this, the positive supply voltage 
enters the oscillator compartment 
through a two-section low-pass filter 


inside the filter box. The entire filter 
assembly should be bolted to the chassis 
wall. 

Make sure the ac line enters the chassis 
through the filter. It's pointless to bring 
the ac line into the chassis through a 
grommeted hole and then connect it to 
the filter. Enough rf will be floating 
around to couple into any unshielded 
length of line cord. 

General layout isn't critical. The 
power supply is constructed mostly on a 
piece of punched board. The modula¬ 
tion-sweep circuit is also constructed on 
punched board. The power supply is 
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mounted below chassis; the modulator- 
sweep circuit is mounted on top of the 
chassis behind the "modulation" control 
next to the oscillator enclosure. 

Coils are mounted on a vertical plate 
near the end of the bandswitch. The coils 



fig. S. Enclosure details for the low- 
pass filter. Shielding is important, 
since the positive supply voltage en¬ 
ters the oscillator through this unit. 


extend around and alongside the band- 
switch. The emitter follower and ale were 
built on a small piece of punched board. 

The enclosures are made from fairly 
thin brass. Most of the rigidity is obtained 
by using a 1/8-inch-thick front panel. A 
bottom plate is necessary if you don't use 
a cabinet. 

reference 

1. L. Nelson-Jones, "Wide-range General Pur¬ 
pose Signal Generator," Wireless World, April, 
1968. 
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NEW 

TRI-EX’S 

MW 

SERIES 


Pound for pound the 
strongest self-supporting 
steel towers available. 

The new economy MW 
Series towers are designed 
to support up to 9Vi sq. ft. 
of antenna area. Featuring 
Tri-Ex’s extra strong tor¬ 
sional twist resistant "W” 
bracing, the all steel MW 
crank-up towers come In 
three sizes, each fully gal¬ 
vanized for carefree main¬ 
tenance. Models available, 
by height, are: MW-35', MW- 
50'. and MW-65'. Nested 
height is between 21' and 
22'. Hinged base and wall 
bracket included with MW 
tower orderl See your local 
dealer or write for free cata¬ 
log today. Prices start as 


low as: 


$157.35 


Ex TOWER CORPORATION 

idkSMUSSEN AVE.. VISALIA. CALIF. 93277 
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temperature alarms 


for 

high-power 

amplifiers 

Some simple circuits 
to protect 
expensive components 


temperature sensors 

A temperature alarm consists of a 
sensing device and a control circuit. For 
low-temperature applications, such as in 
the common fire alarms, many simple 
devices may be used. An example is an 
extremely thin wire that melts when 
exposed to prolonged overtemperature. 

With high-power amplifier tubes, bulb 
temiierature of the order of 200° C are 
common. A temperature alarm for this 
application should react to a relatively 
small temperature rise rather than a dras¬ 
tic increase. Also the sensor must be 
suitable for use with a specific type of 
thermistor. 


from overtemperature 
damage 


The most expensive component in a 
high-power linear amplifier is usually the 
tube, which can cost from $30 to $60 or 
more; yet the important precaution of 
protecting it from overtemperature dam¬ 
age is often neglected. 

Although current overload can ruin a 
tube, the ultimate cause of its destruction 
is often excessive heat. A simple and 
dependable temperature alarm is there¬ 
fore a worthwhile backup to the forced- 
air cooling system and protective circuits 
used in most high-power equipment. 

This article describes several tempera¬ 
ture alarm circuits suitable for linear 
amplifiers. They were tested, although 
not all were specifically developed, for 
such an application. Similar circuits can 
be used in other equipment where protec¬ 
tion against overtemperature is desired. 
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thermistors 

Thermistors are semiconductors whose 
resistance to current flow is inversely 
proportional to temperature. They're 
available in many forms and with many 
operating characteristics. For high- 
power-tube protection circuits, the bead- 
type thermistor is most suitable. The glass 
bead construction permits operation to 
around 600° F, which is far higher than 
would be encountered in a protection 
circuit for a high-power amplifier tube. 

The bead thermistor has the fastest 
response of all types. Depending on indi¬ 
vidual specifications, resistance changes 
from maximum to minimum in about 
two seconds in response to a sudden 
temperature change. The small size of the 
bead thermistor allows placement close to 
the device to be protected. 

The circuits in figs. 1 and 2 have 
different features. All can be powered by 
the ac heater supply in a linear amplifier, 
so a separate power source isn't required. 
When the circuits aren't triggered, current 
drain is only a few milliamperes. 

simple circuits 

The circuit of fig. 1A can operate a 
relay to activate a warning light or buz- 
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zer. (The relay contacts aren't shown in 
the schematic.) The 500k pot is set so 
that when the resistance of the nominal 
100k thermistor decreases sufficiently, 
the scr conducts and energizes the relay. 
No turnoff or reset switch is necessary for 
the scr, since current through the scr will 
fall below its holding value. When the 
thermistor returns to its normal operating 
temperature, the alarm will turn off 
automatically. The zener stabilizes the 
alarm circuit's operating point against 
changes in supply regulation. 


direct audible warning 

In the circuit of fig. 2A, a dc voltage 
doubler provides operating power, and a 
zener is used as a voltage regulator. When 
the thermistor resistance decreases, the 
scr conducts, and the 1 pF capacitor 
discharges through the scr and the speak¬ 
er. This causes the scr to return to a 
nonconducting state. The capacitor then 
discharges through the 87k resistor. As 
long as the thermistor resistance remains 
low enough, the cycle repeats at a rate 
determined by the RC time constant. 



fig. 1. Two simple temperature alarm circuits that combine SCRs and thermistors. The thermistor is 
a Fenwal GAS 1J1; the scr is a 50 volt, 1.6 amp unit from Allied Radio.* 


The circuit of fig. IB is extremely 
simple and stable. No regulator is re¬ 
quired, since any changes in source volt¬ 
age are reflected equally across the series 
combination of the nominal 100k ther¬ 
mistor and the 500k pot. Again, when 
thermistor resistance dect’eases, the scr 
conducts and energizes the relay coil. 
With the larger 500 pF capacitors shown, 
the alarm circuit will remain on once 
triggered. It can be turned off (when the 
thermistor temperature returns to nor¬ 
mal) only by switching off the supply 
voltage or by using a normally closed 
pushbutton switch in series with the relay 
coil. 


'Allied Radio Corporation, 100 N, Western 
Avenue, Chicago, Illinois 60680. The 50 V, 1.6 
A SCR is catalog no. 49C3GEX5GE; Fenwal 
GA51J1 thermistor is no. 60F9909; Fenwal 
GB32J2 thermistor is no. 60F991. 


large ambient variations 

The circuit of fig. 2B is useful for large 
changes in ambient temperature. The 
simpler alarm circuits, of course, can't 
discriminate between a rise in bulb tem¬ 
perature and a large increase in ambient 
temperature. A bridge circuit is used, in 
which a reference thermistor is located 
away from the immediate heat area of the 
device being protected, and a sensing 
thermistor is placed next to the device. 

An increase in ambient temperature 
affects both thermistors equally, and the 
bridge remains balanced. When the 
sensing thermistor's resistance falls to a 
preset value below that of the reference 
unit, the bridge becomes unbalanced, the 
scr conducts and the relay energizes. One 
5k pot is used to balance the bridge for 
ambient conditions, and the other is used 
to set the point at which the alarm is to 
be activated. 
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construction notes 

The circuit should be breadboarded 
first, because construction will depend on 
the relay and thermistor used as well as 
conditions for mounting the thermistor 
next to the device to be protected. 

A soldering iron tip moved near the 
thermistor makes a good temperature 


ature rating is slightly lower than that of 
the glass envelope. 

Such placement is difficult and may 
involve contact with high voltages, so the 
thermistor can be anywhere near the 
upper portion bf the tube envelope. If the 
amplifier is subject to movement, as in a 
mobile installation, the bead thermistor 



fig. 2 . Two useful cir¬ 
cuit variations feature 
an audio alarm (A), and 
a comparator circuit 
(B). 
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simulator. Don't let the iron remain in 
contact with the thermistor, or it will be 
destroyed. 

The breadboard should be set up in a 
clear area. Handling a glass-bead thermis¬ 
tor is like working with a dust speck with 
two leads attached. If the thermistor is 
lost on a cluttered workbench, forget it! 

The sensing thermistor can be located 
next to a tube, for instance, and the other 
components can be remotely located. Or 
the thermistor and alarm-circuit compo¬ 
nents can be grouped together. Since only 
dc is involved, there's nothing critical 
about wiring. 

thermistor placement 

The bead thermistor must be as close 
as possible to the device to be protected. 
For a tube, it should be in contact with 
the seal, because the tube's real temper- 


should be held with epoxy cement or a 
ceramic adhesive. 

A similar mounting method can be 
used with transistors. Special care must 
be taken to keep the fine wires of the 
thermistor from contact with the transis¬ 
tor's metal case. Only the glass bead 
should contact the transistor. A high- 
temperature cement should be used to 
place the thermistor and its leads around 
the area where the bead contacts a metal 
case. 

operation 

With the device to be protected oper¬ 
ating normally, set the alarm circuit so it 
just ceases to operate. If you can safely 
simulate an overload condition, the alarm 
can be set to operate for any desired 
overload. 

ham radio 
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PAX-1 Transistor RF 
Power Amplifier $3.75 

A single tuned output 
amplifier designed to 
follow the OX oscilla¬ 
tor. Outputs up to 200 
mw, depending on the 
frequency and volt¬ 
age. Amplifier can be 
amplitude modulated. 
Frequency 3,000 to 
30,000 KHz. 


BAX-1 Broadband 
Amplifier $3.75 

General purpose unit 
which may be used as 
a tuned or untuned 
amplifier in RF and 
audio applications 20 
Hz to 150 MHz. Pro¬ 
vides 6 to 30 db gain. 
Ideal for SWL, Experi¬ 
menter or Amateur. 


MXX-1 Transistor 
RF Mixer $3.50 
A single tuned circuit 
intended for signal 
conversion in the 3 to 
170 MHz range. Har¬ 
monics of the OX 
oscillator are used for 
injection in the 60 to 
170 MHz range. 

Lo Kit 3 to 20 MHz 

Hi Kit 20 to 170 MHz 

(Speciry when ordering) 


SAX-1 Transistor 
RF Amplifier $3.50 
A small signal ampli¬ 
fier to drive MXX-1 
mixer. Single tuned 
input and link output. 

Lo Kit 3 to 20 MHz 


Hi Kit 20 to 170 MHz 
(Specify when ordering) 


For The Experimenter! 

International EX Crystal & EX Kits 

OSCILLATOR / RF MIXER / RF AMPLIFIER / POWER AMPLIFIER 



Available from 3.000 to 60.000 KHz. Sup¬ 
plied only in HC 6/U holder. Calibration is 
±.02% when operated in 
International OX circuit or its 
equivalent. (Specify frequency) 


OX Oscillator 

Crystal controlled transistor type. Lo Kit 
3.000 to 19.999 KHz 
Hi Kit 20.000 to 60.000 KHz 
(Specify when Ordering) 


$295 


Type EX Crystal 


Wr/f« lor comp/efe cototog 

INTERNATIONAL 



CRYSTAL MFO. CO^ INC. 

10 NO LCf • OKtA CITY OKCA. 73103 
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scr 


regulated 

power supplies 


Silicon-controlled rectifiers as power- 
supply regulators have many advantages 
over transistors or vacuum tubes. The scr 
is an electronic switch that may be either 
on or off. Transistors or tubes also may 
be operated in either of these states, but 
generally they're used as variable resistors 
that change value at a rapid rate to 
maintain constant power-supply output. 
Such operation causes heat problems that 
limit maximum output. 

Because of low voltage ratings of 
transistors and low current ratings of 
vacuum tubes, transistors have been used 
in low-voltage, high-current regulators 
and vacuum tubes in high-voltage, low- 
current regulators. Silicon-controlled rec¬ 
tifiers are now available with ratings of a 
thousand volts and several hundred am¬ 
peres. Therefore, scr's can be used in 
regulated power supplies instead of tran¬ 
sistors and vacuum tubes. 

Series regulators are more efficient 
than shunt types, so the following discus¬ 
sion is confined to series-type scr regula¬ 
tor applications. 

operation 

The basic scr regulator circuit is shovvn 
in fig. 1. It consists of two resistors, an 
electrolytic capacitor, and an scr. Note 
that the regulator is inserted between a 
full-wave unfiltered rectifier circuit and 
the load. This circuit provides a regula¬ 
tion against changes in load current and a 
variable output, which is controlled by 
R2. 

The circuit operates as follows. When 
power is applied, pulsating dc appears on 
the scr anode and across voltage divider 
R1, R2. Adjusting R2 provides a voltage 
for the scr gate. 

For convenience, let' Ea represent the 


maximum anode voltage and Eg the 
maximum gate voltage, as shown in fig. 2. 
For an scr to conduct, both gate and 
anode must be positive with respect to 
the cathode. To turn off an scr, the anode 
must be negative with respect to the 
cathode. On the first cycle conditions for 
conduction are met, and the scr conducts, 
which charges the capacitor. Near the end 
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fig. 1. Basic scr regulator (dashed box). Circuit 
provides regulated load current and variable 
output voltage, adjusted by R2. 


of the first cycle, the scr turns off after 
the anode goes negative with respect to 
the cathode. The capacitor voltage keeps 
the cathode at a positive potential with 
respect to ground. If the capacitor voltage 
is larger than Eg, the scr will not conduct 
on the next cycle: in fact, several cycles 
may pass before the voltage on the 
capacitor drops below Eg. When this 
happens, the scr again charges the capaci¬ 
tor, and the process repeats. 

The output is limited approximately 
to Eg, with a sawtooth ripple component 
determined by R1 and C. 

Increasing C increases filter action by 
increasing the time constant, which pre¬ 
vents the capacitor from charging to a 
voltage much higher than Eg. Output 
voltage can be either increased or de¬ 
creased by adjusting R2. R1 prevents 
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excessive gate current when R2 is ad¬ 
justed for maximum output. Changes in 
RL will not vary output voltage. Higher 
load currents increase sawtooth ripple 
frequency to a maximum of 120 Hz for 
60-Hz power. Minimum ripple frequency 
can be smaller than 1 Hz with large values 
of C and RL, which means the scr 
conducts once every second or so. Re¬ 
member, the sawtooth ripple component 
is caused by the scr conducting. 

low-voltage supplies 

Suppose the transformer of fig. 1 is 
rated at 100 watts, and Ea is 30 volts. If 
R2 is adjusted for 20 volts, the load could 
draw 5 amperes. This, of course, assumes 



demonstrating scr opera¬ 
tion. 

the transformer is 100 percent efficient 
and no power is lost in the scr. If output 
is reduced to 10 volts, the load could 
safely draw 10 amperes. The load power 
is independent of output-voltage ampli- 


sink with mica washers. The output can 
be regulated for changes in line voltage 
with a zener across R2. If you want more 
than one output voltage, another regula¬ 
tor can be connected to the junction of 
D1 and D2 in fig. 1. The potentiometer 
could be adjusted to give the second 
output voltage. Since output is a function 
of the potentiometer setting, R2 can be 
calibrated in volts, eliminating an output 
voltmeter. R1 and R2 aren't critical and 
can be determined from the minimum 
and maximum scr gate currents. As pre¬ 
viously stated, R1 limits the maximum 
gate current if R2 is adjusted for this 
voltage. The capacitor should be as large 
as practical. 

high-voltage supplies 

The techniques discussed for low- 
voltage supplies may be used for high- 
voltage power supplies-with a few pre¬ 
cautions. 

The gate-to-cathode potential could be 
exceeded after the capacitor is charged. 
For instance, assume the capacitor is 
charged to 200 volts. When the ripple 
voltage is zero, the gate will be 200 volts 
below the cathode. This will cause a short 
to develop at the gate-to-cathode junc¬ 
tion. To prevent this, a diode is inserted 
in series with' the gate (fig. 3). The scr 
peak inverse rating must be equal to, or 
greater than, Ea of fig. 2. 

If the adjustable output feature isn't 


fig. 3. An scr-regulated 
supply without adjust¬ 
able output control. R1, 
R2 can be determined 
with a decade resistance 
box; D1 and 02 prevent 
gate-to-cathode short cir¬ 
cuits. 



tude. For high load currents, the scr must 
be mounted taa heat sink which, in most 
cases, could be the chassis. The scr must 
be electrically insulated from the heat 


needed, and you wish some degree of 
regulation for load-current changes, the 
circuit of fig. 3 provides regulated out¬ 
puts of 800 and 300 volts. With loads 
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removed, the regulators prevent the out¬ 
put voltages from increasing. R1 and R2 
are best determined by using a resistance 
decade box: resistance is changed until 
the required output voltage is obtained. 
This allows transformers with higher volt¬ 
ages than required to be used, since 


Don't forget to insulate the scr's from the 
metal chassis with mica washers. If a 
cabinet is used, it should be well ventila¬ 
ted. 

conclusions 

These techniques have been used in 
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NOTE rj IS A STANDARD TELEVISION REPLACEMENT TRANSfORMER 
T2 IS A STANDARD HLAMENT TRANSFORMER 
ALL SEMICONDUCTORS ARE MOTOROLA TYPES 

fig. 4. Practical power supply using scr’s. The pot in the low-voltage unit can be calibrated directly 
in volts, eliminating an output voltmeter. 


output voltages can be reduced to any 
value by adjusting the gate resistors. 

practical circuit 

The schematic of fig. 4 is a regulated 
supply that provides useful voltages for 
many amateur applications. The precau¬ 
tions about mounting the scr's to heat 
sinks should be observed. The trans¬ 
formers, of course, occupy the most 
space. They can be mounted on metal 
chassis, which can also serve as a heat sink 
for the scr's. The other components can 
be mounted on a punched board, located 
vertically to save space. The 5k pot in the 
low-voltage supply can be calibrated di¬ 
rectly in volts, as suggested previously. 


several power-supply applications. Since 
scr's are either on or off, it's a simple 
matter to determine if the regulator is 
working. If the regulator fails due to the 
scr shorting, output will rise to the 
maximum value. 

Several output voltages may be ob¬ 
tained by connecting additional regula¬ 
tors to the rectifier outputs. The voltage- 
control pot may be calibrated directly in 
volts, eliminating the need for an output 
voltmeter. Changes in load current don't 
appreciably change output voltage. A 
zener across R2 (fig. 1) will provide 
regulation for line voltage variations. 

ham radio 
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the 2K-3 



unpr*"'- 


... Beware of 
cheap imitations 


Sure you can buy a linear amplifier for less money... but will you really save? We 
believe the 2K-3 is the finest all around amplifier ever designed for the amateur 
service. And it is a unique value because of the superlative quality components it 
contains. The 2K-3 is built to perform at peak efficiency year after year after year. 
And, you'll never have to "trade-up", you will already own the best. Before you buy 
any linear compare them carefully, look under the hood. You may find some 
similarities, but no equals. One competitor's complete unit, for example, weighs 
little more than the 2K-3's power transformer alone, (that's only one of the many 
important differences) If you want the best... it has to be the 2K-3 

EASY FINANCING • 10% DOWN OR TRADE IN DOWN • NO FINANCE CHARGE IF PAID IN 90 
DAYS • GOOD RECONDITIONED EQUIPMENT • Nearly all makes and models. Our reconditioned 
equipment carries a 15 day trial, 90 day warranty and may be traded back within 90 days for full 
credit toward the purchase of NEW equipment. Write for bulletin. Export inquiries invited. 

TED HENRY (W6UOU) BOB HENRY (W0ARA) WALT HENRY (W6ZN) 


WALT HENRY (W6ZN) 
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11240 W. Olympic Blvd., Los Angeles, Calif. 90064 

213/477-6701 

931 N. Euclid, Anaheim. Calif. 92801 714/772-9200 
Butler, Missouri 64730 816/679-3127 


Henry Radio has representatives in different 
areas of the U.S. to simplify ordering for 
those living near one. Or you can order 
direct and we will ship... across the street 
or around the world. Call or write for 
specifications and terms. 

New York area: John Richard!. W2WIY (201) 637 4107 
Chicago area: Bill Reynolds, K9ZXD (312) 259 2828 
Houston area: Jan Carman W5SBX (713) 464 04i9 
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microwave hybrids 



and couplers 

for 

amateur use 

Circuits borrowed 
from the microwave 
domain 

have many uses 
at the lower 
frequencies— 
here are 

some applications 


Microwave hybrids are extremely versatile 
devices. They have many applications not 
necessarily restricted to the microwave 
region. This article explains how these 
circuits may be put to use at the higher 
amateur frequencies, where communi¬ 
cation may be enjoyed without the inter¬ 
ference and noise created by thousands 
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of commercial kilowatt transmitters. 

When hybrids are mentioned, many 
hams think of bifilar-wound coils on 
toroidal forms. However, the circuits des¬ 
cribed here may be constructed from 
coaxial line for vhf or uhf use. For the 
higher frequencies, they may be con¬ 
structed using stripline, microstrip, or 
waveguide techniques. 

Three devices are considered; 

1. The half hybrid (fig. 1). This is a 
degenerate form of a 4-port device 
that may be used as a power combiner 
or divider. 

2. The branch directional coupler, 
fig. 2, which is a quadrature hybrid 
with some interesting applications for 
moonbounce work and ssb. 

3. The coaxial rat race (fig. 3). Some¬ 
times called a 180° hybrid, this circuit 
may be used as part of a balanced 
modulator or to match or balance two 
equal loads (as in combining equal 
sections of an antenna array). 


fig. 1. The haJf hybrid, useful as an 
isolator between two power sources. 
Impedance at each port is 50 ohms. 
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the half hybrid 

This is the simplest of the devices 
described. It consists of a Y or T junc¬ 
tion, two %-wave matching transformers, 
and a bridging resistor. 

If the half hybrid is fed at port 1 (fig. 
1), the signal will divide equally between 
ports 2 and 3. Because no phase differ¬ 
ence exists at ports 2 and 3 when 
properly terminated, no voltage appears 
across the resistor; therefore no power is 
absorbed. If, however, an imbalance 
exists due to a mismatch, part of the 
signal will be absorbed by the resistor and 
part will be reflected to the generator. If 
the generator impedance is 50 ohms, it 
will absorb the reflected portion. The 
isolation between output ports is inde¬ 
pendent of the match provided by the 
loads. 


I-^-1 



fig. 2. The branch directional coupler. This 
device divides power between two matched 
loads. 



fig. 3. Coaxial rat race, or ring coupler. 
It can be used to balance similar sections 
of an antenna or as a balun. 


Offhand the source of this isolation 
may seem vague; but if the circuit is 
redrawn as in fig. 4, the path from port 2 
to port 3 resembles the familiar bridged-T 
network. In this circuit, a signal at port 2 
will be nulled at port 3. Therefore, the 



fig. 4. Equivalent circuit of the half hybrid. 
Note the resemblance to the bridged-T net¬ 
work. 


load impedance at each port is not a 
factor in the isolation between ports. 

The half hybrid may be used to 
provide isolation between two power 
sources, such as a pair of power transis¬ 
tors. A fail-safe arrangement is thus ob¬ 
tained, whereby failure of either compo¬ 
nent will not affect the load presented to 
the other unit. Power output will de¬ 
crease by 6 dB as input power will 
dissipate in the bridging resistor, but 
loading conditions presented to the 
source will remain unchanged. 

In applications requiring high reli¬ 
ability during prolonged unattended oper¬ 
ation (as in fm repeaters), half hybrids as 
combining networks offer a passive means 
of ensuring uninterrupted service without 
resorting to complex switching mechan¬ 
isms. 

branch coupler 

The branch coupler is a 4-port device. 
It divides input power between two 
matched loads. The isolation between 
two input ports is a measure of the match 
provided by the loads. A 90° phase 
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difference exists between the signals at 
the two output ports, because one signal 
travels % wavelength farther than the 
other. This device can be used for 
sampling a portion of the signal for 
reference or comparison purposes. 



fi.g S. The branch coupler. If port 3 is 
short-circuited, branches 1-3 and 3-4 may be 
removed. 


analysis 

To understand the design principles of 
the branch coupler, consider the case of 
the 3-dB version, in which the input 
power is divided equally between the two 


branches 1-3 and 3-4 shorted %-wave 
stubs, shunted across ports 1-4. Thus they 
may be removed, leaving only branches 
1-2 and 2-4. 

If power is to divide equally between 
ports 2 and 4, port 4 must present a 
50-ohm load at port 2. The characteristic 
impedance of branch 2-4 must therefore 
be 50 ohms, thus establishing an imped¬ 
ance of 25 ohms at port 2. In order to 
match this to a 50-ohm input, branch 1-2 
must have a characteristic impedance of 
35 ohms, which can be obtained with two 
70-ohm coaxial line sections in parallel. 

When the network is "reassembled," 
branch 1-3 will be the same as branch 2-4; 
while branch 3-4 will be the same as 
branch 1-2. For a general solution of the 
design, the branch impedances will be; 


1-3 = 2=4 = 


4 


Power (2) 
Power (4) 


1-2 


= 3-4 = ^ 


Power (2) 
Total power 


applications 

Several applications of the branch 
coupler are of interest for amateur work. 
For example, a 3-dB coupler can be used 


fig. 6. The branch coupler 
used to phase out front- 
end image in ssb receiver 
applications. 



SIGNAL 

OUT 


IMAGE 

OUT 


load ports. 

In a perfectly matched coupler no 
signal exists at port 3, so this port can be 
short-circuited without affecting power 
distribution (fig. 5). This would make 


as a phasing power divider to feed a 
circularly polarized antenna. Another use 
would be as a 90° phase shifter for 
phasing-type ssb generators. 

Let's first consider the power divider. 
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If a signal fed to port 1 produces clock¬ 
wise phase rotation, feeding port 3 will 
produce counter clockwise rotation. If 
both ports are fed simultaneously, 
linear polarization will result. A line 
stretcher in one of the inputs would 
permit adjustments to any desired phase 
angle. 

A received signal of the same polari¬ 
zation as that transmitted would appear 
at the same port from which it was 
transmitted. A signal of opposite phase 
rotation, such as a reflected signal, would 
appear at the other port. 

In microwave applications, isolation 
from 40 to 50 dB has been obtained 
under ideal conditions. The thought 
occurs that this idea might be useful for 
moonbounce work; however, I have no 
information as to how much the circular 
polarization would be degraded. 


fig. 7. Synthesized 
V4-wave line of impedance 
Zo. 


T - t : 
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single sideband 

Single-sideband phasing techniques 
have been used in microwave receiver 
design to phase out the image signal. This 
method also offers a theoretical 3-dB 
reduction in front-end noise. 


fig. 8. Lumped- 
constant equivalent 
circuit of the branch 
coupler. 



A block diagram of such a system^ is 
shown in fig. 6. The second 3-dB hybrid 
operates as a combining network designed 
for the intermediate frequency. Balanced 
mixers could be used to cancel the noise 
contributed by the local oscillator. 

impedance synthesizer 

At lower frequencies, the branch 
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coupler may be synthesized with appro¬ 
priate values of L and C. An equivalent 
%-wave line may be constructed for any 
desired characteristic impedance (fig. 7). 
The absolute values of each reactance at 
the design frequency should equal that of 
the line being synthesized. The capacitors 
in the final version, fig. 8, are identical in 
value. 


{ELECTRICAL LENGTH) 



fig. 9. Capacitfvely-coupled hybrid is an¬ 
other form of the 90° or quadrature hybrid. 


coaxial rat race 

The standard form of the 50-ohm rat 
race, or ring coupler, is shown in fig. 3. It 
consists of a closed loop of 70-ohm line 
with a circumference of three Vi wave¬ 
lengths. The four ports are located Vi 
wavelength apart, with first and fourth 
ports connected by a %-wave line. 

A signal fed to port 1 divides in two; 
each half travels around the loop in 
opposite directions. The path to port 4 is 
Vi-wavelength longer than that to port 2, 
so the two signals arrive at their respec¬ 
tive loads in phase opposition. Port 3, 
located midway between the two loads, 
will therefore receive no signal. The loads 
must be identical for this cancellation to 
occur. 

As a matter of interest, both loads can 
be removed, leaving only the loop with 
ports 1 and 3. Cancellation will occur at 
the center frequency. This dual-path 
structure is known as a re-entrant filter. 

If the signal is fed to port 3, the two 
loads will be fed in phase. Any in-phase 
reflections of equal magnitude from ports 
2 and 4 will arrive at port 1 out of phase 
and will therefore cancel. If the loads are 
unequal, and the reflected signals differ in 
amplitude or phase, or both, then cancel- 



lation will be incomplete, causing a signal 
to appear at port 1. In some applications, 
a matched load may be placed at the odd 
port to absorb the imbalance. 


50-ohm coaxial cable, the lines would 
have an electrical length of 45°, and the 
coupling capacitors would each exhibit 
50 ohms reactance. 


applications 

The rat race offers an excellent means 
of adjusting signal balance between simi¬ 
lar sections of an antenna array. A detec- 



fig. 10. Coax rat race constructed with S0*ohm 
line. 


tor-indicator, such as a receiver with an 
S-meter connected at port 3, would show 
imbalance between array sections. Identi¬ 
cal lengths of transmission line must be 
used between ports 2 and 4 and their 
respective loads to avoid complications 
due to phase differences. 

The rat race also functions well as a 
balun. When used for this application, the 
balanced load impedance is twice that of 
the coax input line, and port 3 is usually 
grounded. 

capacitively-coupled hybrid 

The capacitively-coupled hybrid 
shown in fig. 9 is another form of the 90° 
or quadrature hybrid. Coaxial line of any 
convenient characteristic impedance can 
be used in its construction as long as the 
correct line length and proper coupling 
capacitances are used. The electrical 
length of the line elements is computed 
from: 

Coupling (dB) = -20 log,QCOs0 

The reactance of the coupling capacitors 
is: 


^ 'an 0 

Thus, for a 3 dB hybrid using common 


50-ohm rat race 

If you don't happen to have any 
70-ohm line handy, you can make a rat 
race with 50-ohm line, which is suitable 
for spot frequency or narrowband work. 
In this version (fig. 10) ports 1 through 4 
are separated by 0.153 wavelength of 
50-ohm line. The long side is 0.653 
wavelength, taking into account the 
cable's velocity factor. 

At lower frequencies, the rat race is 
replaced by a center-tapped transformer. 
In the higher-frequency regions, where 
waveguide is used, a device known as the 
"magic Tee" performs the same func¬ 
tion.^ 

In all regions of the radio spectrum, 
hybrid devices exist in one form or 
another, which can contribute much to 
the versatility of equipment design. 
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doing your own 
transistor tests 

To hear some guys tell it, a transistor is 
the easiest thing in the world to test. But 
others don't agree. A transistor to them is 
still a mystery. 

Well, the truth is, most transistors can 
be tested without complicated equip¬ 
ment, gimmicks, calculations, or formu¬ 
las. To keep it simple, there are just two 
basic things you need to find out about a 
transistor: (1) Does it work at all? (2) 
How well? 

transistor parameters 

That word "parameters" scares off a 
lot of hams. It conjures up complicated 
graphs with bent lines and long formulas 
with Greek symbols and big and little 
letters. All the word actually refers to is 
conditions of operation. 

One transistor manual lists 103 pos¬ 
sible parameters. They're great for a 
transistor designer. But a lot fewer is 
plenty for testing on the repair bench. In 
fact, I won't even use the term "param¬ 
eters." Instead I'll just tell you about the 
voltages, currents, and resistances that tell 
you how a transistor is doing. 

I'll start with the diagram of a simple 
transistor stage in fig. 1. This is a 
grounded-emitter amplifier—probably the 
most common transistor stage in use 
today. 


The transistor is npn. Bias is forward 
when the base is slightly positive with 
respect to emitter. The collector is "far" 
positive with respect to emitter. 

A pnp transistor takes negative voltage 
on the base to forward bias the emitter- 
base junction. That's not necessarily a 
negative voltage to ground, but to emit¬ 
ter. The collector of a pnp operates "far" 
negative from the emitter. 

which way is up? 

Some hams I've talked to about tran¬ 
sistors seem confused by operating volt¬ 
ages. One key to understanding is know¬ 
ing how to describe the voltages. 

For example, in fig. 1 if the base 



fig. 1. Common-base transistor amplifier is 
popular in amateur equipment. 


voltage changes to 0.1 volt, it has ob¬ 
viously become less positive. That means 
less positive with respect to wherever 
you're measuring from, and for most 
measurements that is ground. 

Look at the same voltage with respect 
to the emitter. As it's labeled on the 
diagram, the base is normally more posi¬ 
tive than the emitter by about 0.3 volt. 
(The emitter is 0.15 volt, and the base is 
0.45 volt; between the two is 0.3 volt, the 
base more positive than the emitter.) 

Know what that means. "More nega¬ 
tive" is exactly the same thing as "less 
positive." And "more positive" means the 
same as "less negative." 

If the base voltage in fig. 1 drops to 
0.1 volt, the voltage relationship between 
base and emitter changes. The difference 
is then 0.05 volt (0.15 minus 0.1 equals 
0.05), but the base has become less 
positive than the emitter. That's the same 
as saying it is more negative than the 
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emitter. The emitter-to base bias has be¬ 
come 0.05 volt negative. (Call it emitter- 
base bias, not base-emitter bias. You want 
the emitter as the point of reference, so 
name it first.) An npn transistor with the 
base negative is reverse-biased. Collector 
current can't flow. 

This should make clear that, even 
though you measure voltages with your 
voltmeter common lead connected to 
ground, the important thing is the voltage 
between elements of the transistor. In 
most transistor stages, your chief interest 
is the voltage between emitter and base; 
of secondary interest is the voltage be¬ 
tween emitter and collector. 

Suppose someone tells you the base 
voltage on one of these transistors has 



These are important relationships in 
transistor repair work. The simplest way 
to combat this seeming ambiguity is to 
quit using such vague notions as "up" and 
"down" for voltage measurements. Form 
the habit of thinking more negative or 
less negative, more positive or less posi¬ 
tive. 

tests that reveal 

At the repair bench you are usually 
concerned with a transistor in some piece 
of equipment. Tests you can make with¬ 
out unsoldering the transistor are the 
handiest. 

There are three ways to evaluate a 
transistor in that circumstance. Two addi¬ 
tional tests can be made if you unsoldered 
one or two transistor connections. 

Finally, two quick test procedures 
evaluate a transistor outside the circuit. 
They are especially handy if you have a 
batch of unidentified transistors you 
want to check out. Even these tests can 
tell you more about transistor quality 
than you might expect. 


fig. 2. Changing polarity of power supply 
doesn’t alter circuit arrangement or operation. 


"gone up." What does that really mean? 
Usually he means the voltage is higher in 
the polarity shown on the schematic. 

Consider the base voltage in fig. 2. It 
appears "lower" than the emitter voltage. 
Its value is less. Measured to ground, the 
base voltage is less negative than the 
emitter voltage. The important thing is 
this: being less negative, the base is more 
positive than the emitter. That provides 
forward bias for any npn transistor. 

If the base voltage goes up—that is, if 
it goes further negative with respect to 
ground, as the voltmeter measures—the 
bias actually decreases. Say the meter 
measures —9.4 volts. The base has become 
more negative than it was. Looking from 
the standpoint of emitter-base bias, it 
tells you more if you say bias has become 
less positive. Forward bias is therefore 
reduced. Your voltmeter thus shows base 
voltage higher than before, but bias is 
less. 


voltage measurements 

Once you examine dc flow in transis¬ 
tor stages, you can figure out a lot from 
the voltages. If a voltage is wrong, deduc¬ 
tion can tell you whether it's the transis¬ 
tor or something external. 

Pretend the stage in fig.3 is giving you 



fig 3. Pnp transistor in this basic amplifier 
works the same as npn; only change involves 
voltage polarities on the various elements. 


trouble. Your voltmeter tells you the base 
actually has —5 volts on it instead of the 
low —0.45 volt that's normal. Think out 
the possible causes. 

Could be one of the base resistors is 
bad. But collector-base leakage in the 
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transistor is far more likely. You can 
verify by disconnecting the base lead of 
the transistor. If voltage on the open base 
lead is still highly negative, the transistor 
junction is leaky. 

Or, in the same stage, suppose the 
emitter measures —0,9 volt. For some 
reason, more current than normal is 


The other two in-stage test ideas util¬ 
ize a transistor's bias characteristic. For 
most transistors, zero and reverse bias 
cause zero collector current. A healthy 
forward bias assures significant collector 
current. These precepts of course apply 
only if the transistor is not defective. 

The first test is for stages in which the 




o o 



fig. 4. Voltmeter connections in several amplifier stages for making bias-citange operation tests. Idea 
is to eliminate bias on stages that normally use forward bias and add it to those that don't, while 
watching the change in collector current. Vou can add a resistor If the collector circuit doesn’t have 
one. 


flowing in the 52-ohm resistor the emitter 
voltage is measured across. The transistor is 
probably drawing too much current. 

But is that due to overbias or a 
transistor defect? If base voltage has 
remained about the same, the trouble is 
likely in the transistor. You see, —0.9 volt 
at the emitter, with only —0.45 volt at the 
base, constitutes reverse emitter-base bias 
for this pnp transistor. That would reduce 
current through the transistor, not in¬ 
crease unless the transistor happens to 
be defective. 

There are plenty of other examples of 
this kind of reasoning. Just remember 
which polarity of transistor you're deal¬ 
ing with and the likely effects of voltage 
changes. And don't forget to interpret 
voltage measurements in terms of their 
relation to each other and to the transis¬ 
tor itself. 


transistor operates with forward bias. 
You can determine that from the sche¬ 
matic. Remember, forward bias is base¬ 
positive for an npn transistor and base¬ 
negative for a pnp. 

Connect your voltmeter at one of the 
points shown in fig. 4. Several possible 
connections are illustrated. If you need it, 
you can insert the 100-ohm resistor; its 
value won't bother the circuit much. 
Indirectly you are measuring collector 
current. 

Notice the voltmeter reading. Then 
clip a shorting jumper between base and 
emitter. The voltmeter reading should 
drop to almost nothing. If it doesn't, the 
base isn't controlling collector current. 

The second test is for stages where 
zero or reverse bias is normal. (The 
transistor may conduct, but probably 
during only a small portion of each signal 
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cycle, leaving an average or dc bias that is 
zero or reverse.) The voltmeter connec¬ 
tions are the same as in fig. 4. 

This time, instead of eliminating bias 
by shorting base to emitter, you apply a 
definite forvvard bias to base. Figure out 
from the schematic what would consti¬ 
tute forward bias for the transistor. Then 
somehow alter the bias to make it tem¬ 
porarily forward. The meter reading 
should take a definite move upward, 
signifying more collector current. 

For instance, the npn transistor in fig. 
4A has forward bias only when the base is 
more positive than the emitter. How do 
you make it more positive? One way is to 
reduce the value of the supply resistor, 
since it goes to a positive voltage source. 
Just bridge it with a low-enough resis¬ 
tance to make the base more positive 
than the emitter. If the transistor is 
working normally, the voltmeter shows 
more collector current. 

In fig. 4B the basic supply scheme is 
different. But the transistor is still npn. 
Forward bias requires base to be more 
positive than emitter, same as always. But 
how can you make it that way? Just 
remember that more positive is the same 
as less negative. Bridge a lower resistance 
from base to ground, low enough to 
reduce the base voltage to a value less 
than at the emitter. Collector current 
goes up. If not, the transistor isn't re¬ 
sponding as it should. 

The transistor in fig. 4C is pnp. For¬ 
ward bias demands a base more negative 
(less positive) than the emitter. It should 
by now be easy for you to figure how to 
make this base less positive. When you 
do, the voltmeter should register higher 
collector current. 

detecting abnormal leakage 

Those tests let you know a transistor 
can control its collector current. That's 
the key factor. But there's another factor 
that can keep a transistor stage from 
performing up to par. You need a way to 
check leakage. 

Basically, it's easy. Your voltmeter and 
soldering gun are the only equipment you 
need. 


The leakage that can most upset stage 
operation is from collector to base. The 
collector junction of an operating transis¬ 
tor has a high reverse bias. If that 
junction lets "carriers" through in the 
wrong direction, transistor gain is poor. 

To measure collector-base leakage, dis¬ 
connect only the base lead of the transis¬ 
tor. Clip the voltmeter common lead to 
the emitter. Set the voltmeter as if you 
were measuring collector voltage. Touch 
the other test lead to the free end of the 
base lead. Voltage there should be almost 
nonexistent. Unwanted leakage lets cur¬ 
rent across the junction to the meter. 

testing out-of-circuit 

If you have a transistor tester, fine. 
With a good one you can test transistors 
in or out of the stage faster than with the 
tests I've outlined here. But if you don't 
have one, you may often need these 
procedures. 

Tests outside the stage are popular 
with hams. The basic instrument is your 
ohmmeter. There are two main purposes. 
One is identification. The other is evalu¬ 
ation. 

Hams often pick up transistor "bar¬ 
gains." You get a handful of odd-lot 
transistors, often unmarked or marked in 
some way that means nothing to you. 
You may not know if they're pnp or npn. 
You might not even know which wires go 
to emitter, base, or collector. Here's how 
to settle these doubts. 

An ohmmeter with 1.5 volts or less 
between the test leads is safest (measure 
with some other voltmeter). More voltage 
might pop a transistor junction. Also, 
notice which test lead has the positive 
voltage and which the negative; you'll 
need to know for these tests. Nowadays, 
it seems most ohmmeter batteries are 
connected with positive voltage on the 
common or black test lead. 

Pick any two transistor wires. Clip the 
ohmmeter to them in first one direction 
and then the other. If you get no reading, 
try another pair, again measuring in both 
directions. 

When you get a low ohms reading (150 
or less), one of the ohmmeter leads is 
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clipped to the base wire. The way most 
transistors are arranged, it is the wire in 
the middle. 

But you can make sure. Leave one 
ohmmeter lead clipped to the wire you 
think goes to the base. Move the other 
lead to the remaining transistor wire. If 
the ohmmeter reading is again low, the 
lead you didn't move is definitely clipped 
to the base. If not, the one you moved 
was. 

You can now identify the transistor 
type. When you get low readings to both 
other elements with the positive ohm¬ 
meter lead connected to the base, you are 
testing an npn transistor. A pnp transistor 
gives low readings when the negative 
ohmmeter lead is clipped to the base. 

You've identified the base, but you 
don't know which of the other two wires 
goes to the collector. There were clues in 
years past, but you can't trust the dots, 
stripes, and tabs on today's myriad of 
transistors. And basing diagrams aren't 
standard enough to help much either. 

Start with the ohmmeter connected to 
show low resistance between the base and 
either of the other elements. You know 
which wire is base, so unclip that lead and 
move it to the other unidentified wire. 
The meter should read infinity, or open. 
If not, the transistor is defective. 

Then click the range switch of your 
ohmmeter to higher scales until you see a 
slight downward meter deflection (some¬ 
thing less than infinity). This usually 
happens on the RxlOk or RxIOOk range. 
Next, reverse the two ohmmeter leads. 
The ohms reading will either go lower or 
return to the infinity end of the scale. 

Connect the leads for the lower read¬ 
ing. Of course they are between emitter 
and collector. The negative ohmmeter 
lead is at the collector. This works for 
npn or pnp. Put a spot of paint or 
fingernail polish by the collector wire so 
you can identify it thereafter. 

leakage by ohmmeter 

The tests you've already made tell you 
if a transistor is leaky or shorted. It's just 
a matter of interpreting. 

When you've established the two low- 
resistance readings from the base, notice 


Two-step method for identifying transistor type 
and base, collector and emitter connections. 
You need only your ohmmeter, but the transis¬ 
tor should be out of the circuit. 

ohmmeter tests 

Step 1. Find transistor lead that measures low 
R(150 ohms or less) to both other leads; that is 
the base lead. 

If the ohmmeter 
lead on the base 

goes to the... negative positive 

end of your ohmmeter 
battery,the 

transistor is . . . PNP NPN 

Step 2. Connect the ohmmeter for lowest R 
(above 10k) between the remaining transistor 
leads. 

The negative ohmmeter lead identifies the 
collector 


the readings in the reverse directions. If 
they're under 10k for either junction, 
there is too much leakage. 

If you find low readings in both 
directions between any two leads, that 
junction is shorted. If a reading between 
two leads shows open both ways, even on 
the RxIOOk scale, that junction is open. 

A reading less than 10k from collector 
to emitter, in either direction, indicates 
too much leakage. 

next month 

While your attention is on transistors, 
perhaps it's a good time to go into a 
complaint hams hear first from other 
hams. Ever been accused of putting out a 
distorted voice signal? It's easy for distor¬ 
tion to creep into speech amplifiers and 
you never know until someone hollers. 

Usually the tests outlined this month 
spot any transistor defect that might 
cause distortion. But other parts in the 
stage can be responsible. And then there's 
always the oddball transistor that tests 
okay but goes ahead and creates distor¬ 
tion anyway. In my next column I'll tell 
some ways you can get rid of that kind of 
trouble. 

ham radio 
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If You Have What It Takes 
to Qualify for Training in Electronics 
Well Not Only Train You... 


We'll Help You Finance 
Training and Help Place You 
In the Job You Want! 


Just a few short years ago, who could have imagined 
electronic marvels like the micro-miniaturized printed 
circuit, ru) larger than the head of a pin .. . battery 
powered heartbeat regulators . . . computers that 
make split-secorxl calculations it would take the 
human brain years to duplicate! This is the amazing 
world of technology. 

The demarxi for trained Electronics Specialists arxi 
Draftsmen is increasing every year! These are well- 
paid. prestige positions with practically unlimited 
opportunities for advarKement. In 12 months or less. 
United Technical Institute can prepare you to take 
your place in this dynamic, expandirig field. You can 
study right at home, in your spare time and at your 
own pace — or atterxf a UTI resident school near you. 
Because UTI is an eligible institution under the 
Federally Insured Student Loan Program, you may 
attend the Institute on a government-guaranteed 
educational loan. Ar>d after you finisn your training, 
we can help you find your first position! 


Accr«dit*d Mtmber of National Association of Tratfa and 
Technical Schools. Approved for Veteran Training. 


United Technical Institute 

division ot Careor Acadsmir I 

I25W. WdlsSl. .Milw-aukec. WU.S3203 Oepi N21720I ■ 

Pleese rush mo your fro# 28 page booklet | 

with all the details on your Electronics course 


Get the facts now! Just clip the coupon and 
send today for a FREE, fact-filled b^k des¬ 
cribing the excitirtg opportunities in electronics, 
and how you can qualify for them. We'll rush 
your book by return mail so you can read it artd 
decide for yourself. No obligation, of course. 
But don't delay ~ clip the coupon for your free 
book today! » 


Address. 
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simple wwv receiver 

The simple fixed-tuned WWV receiver 
shown in fig. 1 uses a crystal filter and an 
1C i-f amplifier designed by W6GXN (ham 
radio, November 1969, p. 24). Rf and 
audio amplification are provided by two 
inexpensive experimenter's modules avail¬ 
able from the International Crystal Com¬ 
pany. Selectivity with the crystal filter is 
excellent-on the order of 6 kHz—more 
than sufficient for reliable WWV recep¬ 
tion. 

Doug Pongrance, WA3JBN 


surplus ic’s 

Now that surplus digital integrated 
circuits are so commonplace, more and 
more experimenters will be using them in 
their circuits. Unfortunately, most of 
these low-cost ICs use 14-lead flat 
packs—with leads spaced 0.05 inch apart. 
This small spacing and the natural fragil¬ 
ity of the 1C makes them extremely hard 
to solder into a circuit. 

•The SAX-1 transistor rf amplifier is $3.50; be 
sure to order the low kit (3 to 20 MHz) for 
this application. The BAX-1, a broadband 
untuned amplifier that is useful from 20 Hz to 
150 MHz, is $3.75. Order from International 
Crystal Mfg. Co., Inc., 10 North Lee, Okla¬ 
homa City, Oklahoma 73102. 



LI to to 18 mH (CTC X2060-4) L2 3.3 pH. 30 turns no. 26 enameled on a 

T44-10 core 

fig. 1. Simple WWV receiver uses active i-f filter for selectivHy. The SAX-1 and BAX-1 modules are 
available from the International Crystal Company.* 
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However, I have found a simple meth¬ 
od that works out very well. First of all, 
bend leads 2, 4, 6,9, 11 and 13 down at 
the case at a 90° angle. Now all the leads 
are spaced 0.1 inch apart; much better for 
soldering and making circuit board con¬ 
nections. Bend the remaining leads down, 
out from the case an 1/8 inch or so. 

Use the layout shown in fig. 2 for 
putting the ICs on a circuit board. I made 
a small template from a piece of alumi 
num, and attached it to the circuit board 
with a piece of Scotch tape and drilled 


fig. 2. Full-Size drill fern- 
plate for mounting 14'lead 
integrated circuits on 
printed-circuit board. 

the holes in the board. With this much 
spacing it's not too difficult to draw 
circuit trails. You could accomplish ap¬ 
proximately the same thing with per¬ 
forated board with holes on 0.1 inch 
centers, but the problem here is con¬ 
necting wires to the fragile 1C leads. It's 
much easier and quicker with an etched 
circuit board. 

Always check out the 1C before you 


solder it into place. It's next to impos¬ 
sible to remove one of these 14-lead IC's 
from a printed-circuit board without des¬ 
troying it. Flip-flops can be tested with 
the output from your 100 kHz calibrator. 
Run a lead from the output of the 1C to 
the receiver antenna socket; if the flip- 
flop is working properly you should pick 
up calibrate signals at the 50 kHz points 
on the dial. I nteg rated-circuit gates can be 
given a cursory checkout with dc levels. 
For more involved testing you'll need a 
square-wave generator '""'d an oscillo¬ 
scope. 

Nat Stinnette, W4AYV 


low-cost mobile supply 

Recently I wanted to try mobile 
operation with my Heath HW-32A, but I 
didn't want to invest in an expensive 
mobile power supply. Since I had a 
dc-to-ac inverter on hand, I decided to 
build a transformerless voltage quadruplet 
and doubler circuit using the inverter as 
the ac source. The circuit is shown in fig. 
3. Output voltages are -1-600 volts, -(-250 
volts and -130 volt bias. 

Henry Frink, W4GEG 


• • • 
• • • • 
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surplus relays 

Surplus 24-volt dc relays are often 
available to the amateur experimenter at 
attractive prices. Most of these relays are 
well designed (and originally very expen¬ 
sive), but hams tend to steer clear of 
them since a 24-volt dc power supply is 
required. Not so. I've been using these 
relays, powered off the ac line, for many 
years; not even a transformer is needed, 
just a silicon diode, a resistor and a filter 
capacitor. 


for replacement service in tv sets and is 
widely available. It works quite well with 
relays having 150 ohms coil resistance or 
less. The FR-50 works best with coils 
with greater than 150 ohms resistance. If 
you can't find an FR-50, it is interchange¬ 
able with type FR-100 and -FS-800 (type 
numbers by Workman Associates, the 
distributor). 

Time delays can be roughly pre¬ 
determined from fig. 5. If a relay has too 
high resistance for a particular applica¬ 
tion, it can be lowered by the simple 


500 mA 


500 mA 


RZ 



r 

27VDC 

i 


200 PtV , --- 

kJ .T. QLOBAR 

j-PI- ^ — REStS TOR 


j WIREWOUND ^ 

d 

VAC ^ 

-s, COOtjF j 

50V 

- OID -' 

1 


fig. 4, Operating a 24 Vdc relay from the 
117 V/ac frne. Resistor R is a } 0-watt 
wirewound unit, the same resistance as the 
relay coil. 


time delay 

R1 


4 - 5 sec 

500 

FR-9 

8-10 sec 

500 

FR-50 

15-20 sec 

250 

FR-50 

20 - 30 sec 

250 

FR-9 


Some of the late model hermetically- 
sealed relays have a relatively high resist¬ 
ance, but most of the open-frame types 
have a resistance in the range from 150 to 
500 ohms. With the circuit shown in fig. 
4 the dc output from the diode is 54 
volts. If the resistor is chosen with the 
same resistance as the relay coil, 27 Vdc 
will be impressed across the relay. Use a 
10-watt wirewound resistor. The filter 
capacitor only has to be large enough to 
keep the relay from buzzing; generally 
100 juF will be more than enough. An 
electrolytic rated at 150 volts costs only a 
few cents more than one with a 50-vo(t 
rating, and the higher rating is worthwhile 
in terms of trouble free operation. 

You can obtain a small time delay 
(that is, the relay will hold in for a small 
time after the switch is turned off) of 1 
to 2 seconds by simply increasing the 
filter capacitor to 500 to WOO/uF. For thisi 
application a 50 working-volt capacitor is 
suitable. For longer delay periods—up to 
30 seconds—use a Globar resistor in series 
with the coil as shown in fig. 5. I tried 
two different types of Globar resistors, 
type FR-9 and FR-50. The FR-9 is used 


fig. 5. Time delays to expect with different 
Globar resistors (based on 110-ohm relay 
coil). Value of C1 can also be varied. 


expedient of putting a composition resis¬ 
tor in parallel with the coil. 

The opposite effect—rapid pickup—can 
be obtained with the circuit shown in fig. 
6. The two no. 313 pilot lamps have very 
low resistance when cold and this permits 
rapid relay pickup because of the initial 
over-voltage. Supply voltage is reduced to 
normal as soon as the lamp heats up and 
its resistance increases. An ordinary relay 
in this circuit, in parallel with 60 /jF, was 
sufficiently responsive to follow keying at 
20 words per minute. 

Neil Johnson, W20LU 



fig. 6. Rapid armature pickup occurs in this 
circuit because of the low cold-resistance of the 
lamps, allowing an initial over-voltage. 
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PERFORMANCE DATA FORM 
LINEAR AMPLIFIER HXIj-1 






DATE 3-II-"I* 

SERIAL NO 




BY JlP i 

nf.TFigm 









Ma. IDLE PLATE CURRENT (RELAY OPEN) 

Ma. IDLE PLATE CURRENT fRELAY CLOSEDl 






NEUTRALIZATION 

SOM 40M 2QM IIM 10M 


PREPARED BY| 

VOLTS PLATE VOLTAGE ON STANDBY 

USE USB 2 TOMES OF EQUAL AMPLITUDE 


ROBERT HILLER, W4AEY 
ENGINEERING LEADER 

NOTE: ADJUST LINE VOLTAGE TO 

MENTS. 

110 VOLTS 

UNDER LOAD FOR POWER MEASURE- 

BAND 

FREQUENCY 

RF 

DRIVE 
« ft 

WATTS 

PLATE 
VOLTAGE 
ft ft 

VOLTS 

PLATE 

CURRENT 

A A 

MA 

POWER 

OUTPUT 

ft ft 

WATTS 


P.E.P. 

OUTPUT 
ft ft 

WATTS 

SOM 

3.8 MC 

loo 

1 €•• 

k^o 

m 

TVS' 


40M 

7.3MC 

1 • o 


(000 

tfo 

?r.o 


20M 

14.3MC 

1 oo 

noo 

m 


et.e 


15M 

21.3MC 

1 oo 

Iboo 

EBl 

ilO 

lo.o 


lOM 

28.3MC 


IhS’O 

^00 

f20 

SS.o 


EQUIPMENT 

SET-UP 

MULTIPLY 


HELP YOURSELF! 










july 1970 [3 71 


















































! I C 

^^,\V 


comments 



Dear HR: 

Your comments in the January, 1970 
editorial on QSL cards—a subject that will 
be with us to eternity! I am a keen-on- 
cards man, not necessarily juicy DX, but 
any cards, even from the next street. I 
QSL 100% via the bureau, and send a 
batch every other week, so no great delays 
on my part. My records show overall 
returns of 53%, with the U.S. returning 
41%. My operation is about 95% CW on 
the high-frequency bands, mainly 20 and 
15, so I work plenty of Yanks. Only the 
Novices can be relied on to QSL, and 
they usually want air mail, which is too 
expensive when you work 5 or 6 in an 
evening. 

My rig is a Heathkit HW-100 which 
gives an excellent account of itself with 
only 80 watts input (homebrew power 
supply provides only 480 volts to the 
PA). The antenna is an end-fed 200-foot 
wire about 23-feet high with three bends 
in it, so I sigh a little when I hear this "1 
kW, 3-element beam up 50 feet" stuff 
coming over from W-land. 

George Rooney, G3MKH 
Cheshire, England 

Dear HR: 

I subscribed to ham radio without 
having seen a copy on the basis of the 
recommendation of a friend, and I was 
quite anxious to see what I had bought. I 
must say that I am delighted with the 
first two issues. The layout and reada¬ 
bility are excellent, and the technical 


quality is easily on a par with the best 
engineering publications. 

I am an electronics design engineer and 
brought the February issue to work. 
Several of the engineers in my group read 
the article on power supplies. One engi¬ 
neer, a digital type, said he really had not 
understood power supplies before. 

Around here audio and radio are ana¬ 
log, and since I am the only one dealing 
with radio I am the "analog nut"-but 
they still wanted to read your "analog" 
magazine. 

W. G. Barrett, WA6ESV 
Westminster, California 


speech processing 

Dear HR: 

A small note concerning the speech 
clipper portion of Mr. Frank Jones' circuit 
for his phase-modulated two-meter trans¬ 
mitter in the February, 1970 issue: the 
clipping diodes, when connected to their 
source through a series resistor, do not 
act as clippers but perform a logarithmic 
conversion to the signal as per the article 
by Mr. Lee Richey, WA3FIY, on a speech 
processor in the January issue. The series 
resistor provides the constant current 
source needed for the log conversion. The 
lower value of resistance used by Jones in 
no way detracts from this function, other 
than loading the drive circuit more heavi¬ 
ly, but allowing greater output. This is a 
characteristic of all common germanium 
diodes. (We usually use 4.7k series resis¬ 
tance driven by an emitter follower in 
this circuit.) 

If large audio voltages are applied the 
waveform will appear to be clipped but 
not symmetrically, and the amount of 
drive needed cannot be obtained from the 
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circuit using the voltages shown. Thus, 
the audio would be logarithmically con¬ 
verted by this circuit and would appear to 
work very well with the fm circuitry 
shown but clipping would not normally 
occur. 

It should also be noted in Mr. Richey's 
circuit that when the additional fet fol¬ 
lower is used the gate and its bias resistor 
should be isolated from the diodes by a 
capacitor. 

W. Herbert Schiebold 
Bloomfield Hills, Michigan 

filters for speech clipping 

Dear HR: 

Although there appears to be a lot of 
literature available on rf speech clippers, 
all the articles I have been able to read 
completely neglect the question of filters, 
and this is where a major problem can 
easily arise. 

Most technical literature simply states 
that the second filter (following the 
clipper) should be similar to the first 
(sideband-generation filter). This sounds 
all right until you find that no two filters 
are exactly the same. 

For example, in my transmitter I use a 
Japanese-made Kokusai 455 kHz mechan¬ 
ical filter (R^ = 10k). When I went to the 
agent to buy a second filter for my 
clipper, he showed me six, all with 
different frequency characteristics. I 
chose the one which was closest to the 
unit in my transmitter: 

existing new 

filler filler 

center frequency 455.01 kHz 454.99 kHz 

6-dB bandwidth 2.5 kHz 2.44 kHz 

30-dB points 456.62 kHz 456.66 kHz 

453.41 kHz 453.51 kHz 
60-dB points* +2.4 kHz +2.35 kHz 

-2.t kHz -1.87 kHz 

The effect of adding the second filter 
was a loss of output and the elimination 
of a small band of voice frequencies. 

No doubt there are expensive filters 
available which would be satisfactory, but 
I doubt if amateurs could afford them. 
However, the solution is simple. The 


second filter, while having the same cen¬ 
ter frequency as the first, should have a 
wider passband, and this condition is 
easily met on 455 kHz by using a 15k 
Kokusai mechanical filter. The one I have 
shows 6-dB bandwidth of 3.4 kHz and 60- 
dB bandwidth of 6.2 kHz. There is thus 
no detrimental effect on the signal itself, 
but the harmonics are eliminated and 
quality maintained. 

Unless this question of filters is dealt 
with in technical discussions amateurs 
could be put to a lot of expense leading 
to unsatisfactory results when building rf 
speech clippers. This would be a great 
pity because rf clipping, properly used, 
gives terrific results, and all ssb exciters 
need it. 

Syd Hiidson, ZL1AFO 
Auckland, New Zealand 

magazine shredding 

Dear HR: 

I hope that you will continue to adopt 
a sensible policy with respect to the 
names of articles. I appreciate informality 
as much as anyone, and indeed, our 
magazine holds informal presentation as a 
cornerstone of policy. But, I agree with 
E. L. Foster and believe the titles of 
articles ought to describe the contents, 
however briefly. If one uses E. L. Foster's 
magazine-shredding technique, one has 
often to re-label an article with its real 
title, rather than the entertaining but 
misleading one with which it was chris¬ 
tened. I'd also like to suggest that it is not 
always necessary to use "transistorized" 
in a title, because of the very large 
number of transistorized items. It may 
even be useful one day to use "tube- 
operated" instead! 

Leo Gunther, VK7RG 

Dynnyme, Tasmania 

Leo is editor of The Australian EEB, an 
informal electronic experimenter's bulletin 
published about eight times a year. Subscrip¬ 
tions are $2.00 per year and well worth it. The 
Australian EEB, 32 Waterworks Road, 
Dynnryne, Tasmania 7005, Australia. 
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TEN-TEC KEYERS 

SOLID STATE-REED RELAY OUTPUT 


Top of the line squeeze keyer. Designed 
for the serious CW operator. A technique 
of dit-dah insertion that reduces effort 
and error. Produces smoother, easier to 
send and copy CW. Full memories. Ad¬ 
justable paddle force down to 3 grams. 
Side-tone. Variable dit-dah-to-space ratio. 

KR40 Price $89.95 

Keyer, less paddle assembly 

KA40 Price $74.95 


MODEL KR20 


e e 

6 <, 1 « 


A popularly priced line keyer without the squeeze 
feature. Excellent "feel** for smooth, easy to copy 
CW at any speed. Self completing characters. Side 
tone. Two position weighting control. 


Keyer less paddles 

KA20 


Price $59.95 


Price $44.95 





/ 


MODEL KR5 


The KR5 embodies a new principle in paddle 
construction. It provides action usually associated 
with higher priced instruments. Operates from 12 
volt DC source. Self-completing characters. Fixed 
factory adjusted paddle return and weight ratio 
Ideal for fixed or mobile station. 


Price $34.95 


TEN-TEC PADDLES 


MODEL KR1 


The model KRI assembly Is used in the KR40 and 
KR20. Paddles are mounted on torque bars which 
actuate the contacts. Return force is magnetically 
controlled. Each paddle is individually adjustable 
down to a few grams of force. Best of all. there 
is a positive *'feer* that enhances the enjoyment 
of CW communication. 


Price $18.95 




TEIM-TEC.INC. 





MODEL KR2 


The model KR2 assembly is used in the KR5 com¬ 
plete keyer. It uses a unique principle allowing 
low actuation force, yet retaining excellent ‘'feel** 
Paddle tension is factory adjusted. Contacts are 
easily adjusted from the front. 

KR2 Price $12.95 


HIGHWAY 411 EAST. SEVIERVILLE, TENNESSEE 37862 
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Incentive Licensing 
Is Here! 


Brush up - Tone up - Shape up 
with MMECO Technical Books 
and code practice records. 

EASY TO UNDERSTAND BOOKS 


# 1601 Advanced class license guide.50 

# 17 01 Extra class license guide.75 

Radio amateur theory course. Latest edition 

is ideal lor brushing up. 

#102 01 (over 300 pages). .3.95 


THE FASTEST AND SIMPLEST WAY 
TO INCREASE CODE SPEED... 
AMECO CODE PRACTICE RECORDS 


(33Va RPM) 

#104 33 Contains material to increase 

code speed from 13 wpm to 22 wpm.3.95 

# 106 33 19 to 24 wpm supplement 

to above .3.95 


AND FOR THOSE OF YOU 
WHO ARE A BIT RUSTY 

#103-33 Contains material for 8 to 18 wpm ... 3.95 
#105 33 supplement to above.3.95 

AT LEADING 
HAM DISTRIBUTORS 



DIVISION OF AEROTRON. INC. 

P. 0. BOX 6527 • RALEIGH N. C. 27608 





This new rotary QSL file holds up to 
500 QSL cards each in a clear plastic 
pocket. A turn of the knob brings each of 
the cards into view. Each QSL holder 
comes complete with 600 clear plastic 
pockets; refills are available to provide 
space for up to 500 cards. The rotary 
QSL holder takes up little room on the 
operating table, rotates on its base so it 
can be viewed from all sides, provides 
easy access and filing for your QSL cards 
and leaves your walls free for certificates 
and awards. Model CB-8-H rotary QSL 
file is S8 postpaid from M B Products & 
Sales, 1917 Lowell Avenue, Chicago, 
Illinois 60639. 
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beam antennas 



Telrex has just announced a complete, 
new line of antennas under the brand 
name "Challenger." These antenna sys¬ 
tems feature a balun-fed five-element 
Tri-band array for operation on 10, 15 
and 20 meters using a single transmission 
line. The antennas have a peak power 
rating of 1 kW. Front-to-back ratio is 
rated at 28 dB. Other Challenger models 
range from % through 80 meters. The 
entire Challenger line, as well as other 
Telrex antenna systems, are described in 
catalog PL70, available free by writing to 
Telrex Labs, Asbury Park, New Jersey 
07712. 

multimeter 

This new multimeter from Radio 
Shack is offered at a kit price but only 
needs a battery to be ready for use. It 
features 28 ranges that cover from 2 to 
1200 Vdc full scale at 20,000 ohms per 
*/olt, 6 to 1200 Vac full scale at 10k ohms 
per volt, and 60 pA to 300 mA full scale. 
Four resistance ranges cover 1 ohm to 12 
megohms, and a decibel scale covers -20 to 
+63 dB in five ranges. 

A jewelled meter movement and 1% 
precision resistors promise a long useful 
life. The mirrored scale prevents parallax 
errors when reading. The instrument is 
shipped complete with test leads, bat¬ 
teries and instructions. The model 22-022 
multimeter is S 14.95 at your local Radio 
Shack, or write to Radio Shack, 730 
Commonwealth Avenue, Boston, Massa¬ 
chusetts 02215. An accessory leather case 
is available for SI .95. 


NOISE BLANKER 

FOR THE SWAN 250 

The TNB-250 Noise Blanker effectively sup¬ 
presses noise generated by auto ignitions, 
appliances, power lines, etc., permitting the 
recovery of weak DX and scatter signals norm¬ 
ally lost in noise. 


Features include modern solid state design 
techniques utilizing dual gate MOS FET transis¬ 
tors and two stages of IF noise clipping for the 
efficient removal of impulse noise at tne trans¬ 
ceiver IF frequency. The use of MOS FETs and 
a special gain controlled amplifier circuit pro¬ 
vide excellent cross-modulation characteristics 
in strong signal locations. 



TNB-250 shown installed on a Swan 250 at 
accessory socket location. 

Simplified installation requires twenty minutes. 
TNB-250 532.95 ppd. 

TNB-250C (for Swan 250C) $32.95 ppd. 


Model TNB Noise Blanker, designed to operate 
with VHF converters by connecting in the coax 
between converter and receiver. 



NOISE ILANREI 

WESTCOM 


Noise suppression characteristics are similar to 
those of the TNB-250. In addition, the ability 
to handle high intensity pulses of short dura¬ 
tion and fast rise time makes the TNB 
extremely effective in removing radar inter¬ 
ference in the 220-1296 MHz bands. 

Choice of 14-20. 100-140. or 125-160 VOC. RCA 
phono or BNC connectors. Specify for 10 or 20 
meter converter output. 

Model TNB $29.95 ppd. 

(For special frequencies add $3.00) 


Prepaid orders shipped postpaid. (For Air Mail 
add $.80) C.O.D. orders accepted with $5.00 
deposit. California residents add sales tax. 

All products are warranted for one year and 
offered on a satisfaction guaranteed or return 
basis. Technical brochure available. 




WESTCOM 


{NGINItRING COMPANY 


P. O. Box 1504 San Diego, Cal. 92112 
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TAKE YOUR PICK 

These units will replace the 100 kHz calibrator built into most receivers. Using 
your 100 kHz crystal this unit will provide sharp accurate markers with readouts 
at 100 • 50 • 25 • 10 and 5 kHz usable thru 50 MHz. Keep your receiver calibrated 
at all times, locate sub bands, MARS frequencies and band edges. 



or 



Frequency marker, less cabinet and switch 

Specifications: Glass Epoxy Board. Adjustment 
to zero beat with WWV. Uses 100 KHz crystal 
(not supplied). 3 to 4 VDC. Compact — 1.75 x 
3.75 inches. Install anywhere! 


Complete easy^to- 
assemble kit 


$16.50 


”T«..r $19.95 


SWITCH $1.00 CRYSTAL ONLY $3.50 
with purchase of any of above 


SELF-CONTAINED UNIT 

The TBL 1 Marker is a complete unit includ¬ 
ing the circuit board shown at left and powered 
with 3 **C** type flashlight batteries. Merely 
connect to your receiver antenna — no internal 
wiring necessary. A front panel control allows 
zero beat with WWV. 

Special introductory price <00 QC 
Less crystal and batteries 
POSTPAID U.S.A. 

SOLD WITH MONEY BACK GUARANTEE 


THE RADIO SHOP, LAB 1 

48 ELM STREET. NEW CANAAN. CONN. 06840 — Tel. 203-966-3553 


BACK ISSUES 

ALL AVAILABLE 68 & 69 BACK ISSUES 
12 IN ALL 

Only $4.00 postpaid 


FORWARD ISSUES 

1 YEAR SUBSCRIPTION 

$ 6.00 

3 YEARS SUBSCRIPTION 

$ 12.00 

ORDER TODAY FROM 

HAM RAOlO MAGAZINE 

GREENVILLE, N. H. 03048 



GEM-QUAD KIBHE - CLASS 

ANTENNA FOR 10. 15. and 20 METERS. 


Two Elements 587.00 

Extra Elements $50.00 ea. 

Shipped Freight Collect 
INCLUDES U.S. Customs Duty 

KIT COMPLETE WITH 

• SPIDER 

• ARMS 

• WIRE 

• BALUN KIT 

• BOOM WHERE NEEDED 


SEE OUR FULL FACE IN JUNE * *69 ISSUE 

Buy two elements now — a third and fourth may 
he added later with tittle v^ort. 

Enioy optimum forward goin on DX, with a 
maximum back to front ratio and excellent Mide 
d iscrim ination. 

Get a maximum structural strength with low 
iveight, using our *'Tridetic" arms. 


\fANtTOBA DESIGN INSTITUTE 
AWARD WINNER 




20 Burnett Avenue, Winnepeg 16, Manitoba, ('anuda 
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see the 4^ann 

for the best in USED FM 
communications equipment 

Two-Way FM Units • Walkies • Repeaters 
Mobile Phone * Bases • Mobiles 

Here are some of the great buys at Mann... 

Motorola Models 

T53GAD 2 Meter Mobile Unit with accessories, 50 watt transmitter, 
6/12V Dynamotor Powered in 15 inch housing, multi-channel 
xmtr, single channel rcvr punched for two channels.$ 85 

T53GKT 2 Meter Mobile Unit with accessories, 50 watt transmitter, 

12V transistor powered, 15" and 20" housings as available; 
Multi-channel xmtr or two xmtrs, single channel rcvr punched 
for two freq.$150 

T 41G 6 Meter Mobile Unit with accessories, 25 watt transmitter, 

6/12V vibrator supply in 10" housing, single freq punched 
for two freq.$ 69 

T44A6A 450 MHz Mobile Unit with accessories, 18 watt transmitter, 

6/12V vibrator supply in 15" housing, single freq punched 
for two freq.$ 34 

P33AAM 2 Meter Portable with mic and spkr, 5 watt xmtr with dry cell 

pack, less batteries, weight 8 lbs, single frequency.$ 49 

J44AAB 450 MHz Base Station, 18 watt xmtr in 19" rack weather 
proof housing, 117VAC, remote panel, capable of repeater 
operation.$115 


WRITE FOR FREE CATALOG 


Mann Guarantee 

Money refunded without question if equip¬ 
ment is returned within seven days from 
shipment, undamaged, freight prepaid. 


Conditions of Sale 

Unless otherwise specified, equipment is 
used, and is sold as-is. Ail items shipped 
FOB Tarzana, California. Crystals, ovens, 
antennas not included unless specifically 
stated in catalog. All equipment is sold on 
a first-come, first-served basis. 




ann communications 


RO. Box 138, 18669 Ventura Blvd., Tarzana, Calif. 91356 
Phone; (213) 342-8297 
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New! 




Shown above: 

Model 7. for 2 and 
Terminals: SO>239. 


MULTI-ANTENNA COUPLER 

Eliminates Antenna Switching! 

• Change bands without having to switch antennas! 

• Combine your antennas into a multi-band antenna system while retaining 
optimum antenna performance on each band! 

• Coupler feeds any combination of antennas from a single transmission line! 
Saves operating time! Saves coax and switches! 

• Coupler isolates the line from all antennas but the one in use! 

• Works with all types of antennasi Handles full legal powerl 

• Models available for any bands. 2 to 160 meters! Weatherproof! 

Write for free information on a coupler for your antenna system, listing antennas 
and bands used. Non amateur frequencies availably. Indicate impedance and type 
of line used. 

6 m.t.r. antennalab« _ 

$24.95 ppd. POST OFPKC sox 4M OCCAM MaiFT. MASSACMUSCTTS 090*5 



Send perfect morse code — from 5 to 50 
words per minute. Excellent to build up your 
code speed — anyone can send practice code. 

• Self-completing characters with auto¬ 
matic character spacing. 

• Precision kit includes all parts, such 
as metal case and printed circuit 
boards, and detailed, illustrated in¬ 
structions. 

• Preassembled keyboard with stand¬ 
ard type-writer key arrangement and 
spacing. 

• Self-contained battery operated ~ 
two standard *'0" cells. All solid 

state. 

• Built-in sidetone and speaker, fast 
acting relay output. 


Basic Pro-Key KR 


$149.50 pp 


Added Buffer Storage Kit $34.50 pp 

(See March *70 issue — Ham Radio Magazine) 

Micno-Z Co. 

Box 2426 Rotting HUh. Colit. 90274 


EYE-BANK NETWORK 

In just over 7 years the Eye-Bank Network 
has arranged for shipment of some 4100 
eyes between the Eye-Bank members in the 
U.S.A. The efficiency of corneal transplants 
is about 95%, so several thousand people 
who had lost their sight through disease or 
accident can now see again, and some who 
were born blind can see for the first time. 

The Network meets on 3970, morning and 
evening, every day, to give the Eye-Banks 
the fastest possible service in locating eyes 
when needed in a hurry. 

Well over 100,000 people should have this 
surgery, but enough eyes just are not avail¬ 
able. Millions of pledges are needed if we 
are to catch up on this backlog, as it will 
be many years before most of the pledges 
"mature”. 

You can get information about pledging 
vour eyes from doctors, hospitals and mem¬ 
bers of Lions Clubs. Urge every member of 
your family to sign up. Who knows — your 
efforts to get others to pledge might mean 
eyesight for you some day. 

— KIRA 


THE BOOMERANG iZ" ''so- 40 meter trap antenna 


ALL STAINLESS STEEL HARDWARE 
RUM FULL LEGAL POWER 


IDEAL NOVICE ANTENNA 

.— LIGHT WEIGHT 

y ONLY 4 or PER TRAP 


INSTRUCTIONS 

SUPPLIED 


104 FI. LONG 

NAY BE USED WITHOUT BALUN BUT /:/ BALUN IS 
RECONNENDED FOR BEST PREFORNANCE 


DEALER INQUIRIES INVITED LITERATURE ON REQUEST 


price; AB-I |;| BALUN #I0.95PPD '"°“' n.YYEINSCHENFER K3DPJ 

ATki Toxae oAio *io aa oon m» m 


ATH TRAPS PAIR *\2.95PP0 
ATH TRAPS AND AB-I BALUN 


N. WEINSCHENFER K3DPJ 
BOX 353 

IRWIN, PA. I564E 
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PICK 

YOUR 

POWER 


Your choice of 3 economical 
continuously variable power supplies 

Ail units include modern cabinet, short circuit protection, ground¬ 
ing cord and offer excellent regulation and ripple characteristics. 
Ideal for the op-amp user use only one supply. 


SINGLE UNIT PS-61C 


$49.95 


Plus or Minus 1 ■ 15 VDC. load current 0-700 Ma. 

Usable up to 1 Amp over 10 VOC. 

Regulation: 0.0005% VDC par mA load current. 
Ripple: less than 0.005 Vrms at full load. 

Floating output: either output terminal may be 
grounded. __ 


DOUBLE UNIT PS-62C 


$74.95 


Same electrical specifications as PS'61C for each output. 

Perfect for operational amplifiers. 

Two completely independent power supplies to be used 
in any combination. 

Plus or Minus 2-30 VDC at 700 mA load. 

Plus and Minus 1-15 VDC at 0-700 mA. 

Plus or Minus 1-15 VDC at 0-1.4 Amps. 

Single On-Off switch for added circuit safety. 

TRIPLE UNIT PS-63C $99.95 

Samo electrical specifications as PS-61C for each output. 

Three completely independent power supplies to be 
used in any combination. 

Plus or Minus 3*45 VDC at 0*700 mA. 

Plus and Minus 1*15 VDC at 0*700 mA. Also plus or 
minus 1-15 VDC at 0-700 mA. simultaneously. 

Plus or Minus 1*15 VDC at 0*2.1 Amperes. 


BLULYNE ELECTRONICS CORP. 


3 SAND SPRINGS ROAD 
WILLIAMSTOWN, MASS. 01267 


TELREX “CHALLENGER” LINE 

Featuring Baiun Fed 5 Element TRI-BAND'" 

Model TB5EC/1KWP - 10-15-20M Single Trans Line Array 


CYf-HJCIV/F - 49 lb. ol Educated Aluminum* gain 8.5 DB 

Epoxied. hi*q. hi*v ceramic capacitors, resonated 
TELREX traps 

/'ijCTOM -Custom machined, heavy wall seclionally cou* 
pled and reinlorced. aVu" x 2' x t8’ aluminum 
FEATURES boom, taper swaged elements boiled through 
boom 

•Separate opiimum tuned relleclors. F/B 28 DB 
on 3 bands 

' -Palenled broad band, encapsulated balun 

supplied 

.Stainless steel electrical hardware, heavy duly 
■* ^ cadmium plated steel tillable mounting plate 

-Survival rating 110 mph. power 1KW peak rain 
or shine! 

A1 your dealer — 

or order direct lor Iasi personal senrice. 

Other CHALLENGER models (rom % through 

80 meters available. Write lor catalog PL70. 




f.o.b. Asbury Park. N.J. 


ANTENNA LABS 

Asbury Park. N. J. 07712 
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New Products From 
THE PHASE CORPORATION 


TEST OSCILLATOR 


THREE FUNCTIONS IN ONE SMALL PACKAGE 
GENERATES PULSE, SAWTOOTH, AND SQUARE 


list OSOUAIOt 




■'ib- • e 


All Solid Stat* 


Portabla and Compact 


Spaclflcatlona: Sweep CirculU 

Fraquancy: 

Saw and Pulaa 0.1 HZ — 100 KHZ 
Square O.OS HZ— SO KHZ 

"'VqJilrand Pula. 0.5m Sac. (^it With CUStOm CaSe) $34.95 

Pulaa Width imScc. a 100 KHZ Modcl OIW (wired and tested) $54.95 


Model OIK (kit with custom case) $34.95 


FOUR TRACE PRE-AMP i 

CONVERTS ANY SINGLE TRACE SCOPE TO " 

DISPLAY UP TO FOUR SIGNALS AT THE SAME TIME 








Or 


Portabla and Compact 


Spaclflcatlona: ^*** Sharing Techniques 

Bandwidth: 1 magahartz/channel 
Maximum Input volts par channel; 50 volts p-p 
Maximum Output volts per channel: 0.5 volts p p 

Display Tiine. 50 MSec. Model AIKC (kit With custom case) $34.95 

Transition Time: 5 MSec. ' ' 

Input Impedanca/Channel; 1 meg. ohm Model AlW (wired and tested) $54.95 


Sync. Output 


Model AIKC (kit with custom case) $34.95 


SEND CHECK, MONEY ORDER OR ASK US TO BILL YOUR 
BANKAMERICARD OR MASTER CHARGE 


THE PHASE CORPORATION, Dept. 25 

ELECTRONICS DIVISION, MEDFORD, MASS. 02155 
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■ RATES Commercial Ads 250 per 
word; non-commercial ads 100 per word 
payable in advance. No cash discounts 
or agency commissions allowed. 

■ COPY No special layout or arrange¬ 
ments available. Material should be type¬ 
written or clearly printed and must in¬ 
clude full name and address. We reserve 
the right to reject unsuitable copy. Ham 
Radio can not check out each advertiser 
and thus cannot be held responsible for 
claims made. Liability for correctness of 
material limited to corrected ad. in next 
available issue. Deadline is 15th of 
second preceding month. 

■ SEND MATERIAL TO: Flea Market, 
Ham Radio, Greenville, N. H. 03048. 


NEEDED « APRIL '68 issue ef Ham Radio to fill 
out my collection. W2FEY, R. Plue, 157 So. Main 
Batavia, N. Y. 14020. 


TOROIDS! Lowest price anywhere. 40/$10.00 POST¬ 
PAID. Center tapped 88 or 44mhy. (5/$2.00). 32KSR 
printer. Reconditioned, perfect $200. Lorenz ASR 
page printer (all 60 speed) $100. Perf tape 11/16" 
$10/case/40. Electrosensitive facsimile paper $3/ 
box/250. Stamp for list. Van W2DLT, 302H Passaic 
Avenue, Stirling, New Jersey 07980. 


PC BOARD. 3/32 inch. 2 oz. Copper one side, 
paper base. Specify size desired. 1.5^ per square 
inch plus postage. HAL Devices, Box 365H, 
Urbana, Illinois 61801. 


COMMERCIAL LICENSE TUTORING BY MAIL. 1st 

and 2nd Phone. Personal. Years of Experience. 
Author of popular license handbooks. Edward Noll, 
Box 75, Chalfont, Pa. 18914. 


QSL'S — BROWNIE W3CJI — 3111-B Lehigh, Allen¬ 
town, Pa. 18103. Samples 10^. Cut catalogue 25^. 


SING a September sons! 1970 ARRL National 
convention September 25-26-27, Statler-Hilton Hotel, 
Boston. Free brochure & discount coupon from 
WIVRK, 28 Forest Ave., Swampscott, Mass. 01907. 


SELL: EICO 753X Transistor VFO, 751 AC Supply, 
asking $125.00. John M. Fearon, 3384 Peachtree 
Rd.. N.E., Atlanta, Ga. 30326. 


THE ZERO-BEATERS A.R.C. Hamfest will be held on 
Sunday, August 2nd. Washington, Mo. City Park. 
For further information write or contact Zero- 
Beaters A.R.C., Box 24, Dutzow, Mo. 63342. 


MVARA HAMFEST August 2. The Mahoning Valley 
Amateur Radio Assn, will sponsor a hamfest Sun¬ 
day, August 2 at Lions Park, New Bedford, Pa. 
Located nine miles east of Youngstown, Ohio, one 
half mile north of US 422 on state route 932. 
Door prizes and flea market. Call in freq. 146.94 
and 146.34 — 146.76 repeater. For information 
contact Frank Dodd, K8UYF. 


SPECIAL OFFER — Ham Radio Binders regularly 
$3.95 each — now three for $10.00 postpaid. Ham 
Radio, Greenville, N. H. 03048. 


NORTHERN CALIFORNIA Hams: Best deals — new 
and reconditioned equipment. Write or stop for 
free estimate. The Wireless Shop, 1305 Tennessee, 
Vallejo, California 94590. 


SAVE, On all makes of new and used equipment. 
Write or call Bob Grimes. 89 Aspen Road, Swamp¬ 
scott, Massachusetts, 617-598-2530 for the gear u 
want at the prices u want to pay. 


IT HAS BECOME NECESSARY to change the date 
of the Iowa 75 meter phone net picnic from August 
9th to August 16. The picnic will be held in 
Marshalltown, Iowa at the Rtvervtew Park. Festiv¬ 
ities will begin around noon with the frequency 
of 3970 being monitored. 


TEKTRONIX 524D Scope. Perfect condition — re¬ 
conditioned. Best offer. S/N 6169. Contact AL 
260 Wellesley St. E., Apt. 1414, Toronto, Canada. 


CIRCUITS for 32 electronic projects, R.F., audio 
and gadgetry, complete plans $1.00. P.M. Elec¬ 
tronics, Inc., Box 46204, Seattle. Wash. 98146. 
Dealer inquiries invited. 


PLYMOUTH (ENGLAND) RADIO CLUB announces 
an Official Mayflower Certificate to be awarded 
during the period of the Mayflower Celebrations, 
from March, 1970 to November, 1971. Qualifications 
ire: One QSO with GB2USA, or any THREE mem¬ 
bers of Plymouth Radio Club, or any THREE Ply¬ 
mouth CITY Stations: SWL’s — Reports of similar 
nature to above. Cost of Certificate will be 2 
IRC’s (2/- in stamps for UK Stations). No QSL's 
arc necessary to verify OSO's, just log extracts 
which will be checked at PRC. Send qualifications 
to A. Baker, G3KFN, 74 Travistock Road, Stoke, 
Plymouth, Devon., England. 


NEED CODE PRACTICE? Miami area. Can give 
instruction and practice — privately, or to groups 
at various code speeds up to 25 wpm on straight 
key, or to 35 wpm on bug — days or evenings. 
Phone 666-7380 Mon. thru Fri. evenings only, 
Blake Brownrigg, Coconut Grove. 


TOUCHTONE DIAL equivalent from Denmark. Ten 
button, convertible to all twelve with data Included. 
State color: beige or black, limited number green. 
12VDC reouired for oscillator operation. $16.00 
Dostoaid USA. J. O'Brien. W6GDD, 6606 5th Street 
Rio Linda, CA 95673. 


"DON & BOB" GUARANTEED GOODIES. Monarch 
SWR-relatIve power dual bridge meter, $15.95; 
VOM 1 KOHM/volt, $4.95; Goldline 2 position coax 
switch 1 KW, $5.95: diode - Motorola HEP 170 
2.5A/1000 PIV Epoxy, 39<*; Tophat 1A./600V.. 24<*; 
GE 3A./600V., 10/$2.95; Cetron 572B, $15.95; 

6146B, $4.45; 6LQ6, $3.50; Ham-M rotor, $97.00; 
TR-44, $59.95; 100 ft. #10 copper antenna wire, 
$3.95; 100 ft. #14, $1.95; Sony Station Recorder 
model 222A, $89.50; Monarch 3" blade fan, $2.95; 
Rotron 3380CFM Squirrel Cage Blower, $5.95; used 
Collins 75A-4, $350.00; Johnson Invader 2000/PS, 
$399.00. Write for cash quote new, used gear. 
All items guaranteed. Prices FOB Houston. Madison 
Electronics, 1508 McKinney. Houston, Texas 77002. 
(713) 224-2668. 


TRADE 28KSR. 19, TYPING REPERFORATOR, TT/L-3. 
for 28ASR. 60 cycle supply or motor for mite. 
David G. Flinn, 10 Graham Road West, Ithaca, N.Y. 
14850. 


THE 17th ANNUAL SOUTH WESTERN MICHIGAN 

VHF Picnic will be at the Allegan County Park. 
August 2nd, sponsored by the Van Buren County 
Amateur Radio Club. W8JUU, Bangor, Michigan. 


POLICE — FIRE •— AIRCRAFT — MARINE Calls on 
your broadcast radio with TUNAVERTER S! Tun¬ 
able — Crystal! Brochure. Saleh Company, Woods- 
boro HMC, Texas 78393. 


WORLD QSL BUREAU — see ad page 91. 
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NEED CRYSTALS? 


48 Hr. 

DELIVERY 


V" w® can 

•upply 

cryttal6 

' from 2KHz 

to 80 

MHz in 

V many typa* of 

holdars. 

SPECIALS 

Color TV crytul (2579. 545KHx} wire iMdt 

$1.60 

4 for $5.00 

100 KHx (rtq. s(d. crytul <HC13/U) 

4.50 


1000 KHt fr«u. ltd. crytui IHC6/U) 

3.50 


Any CB cntUl TR. or REC. 

except syntheuWf crytUlt 

2.25 


Any anutevr Und cryitAl (except M A 160 

metrn) ia rr>24j keWert 

1.50 or 4 far $5 00 

Any marine frequency (HC6/U) 

2A5 


M meter — FT>243 iwldert 

2.50 



Wr hivf in stock ovtr sii million crysUls which include 
type^ CRIA/AR, FT243. rT241, MC7. rT249. HC6/U, 
HCU/U, HC25/U, HC18/U. etc Send 10^ for our 
1970 caUloQ with oscillator circuits, listinQ thousands 
^ frequencies m stock for imm^iate delivery. (Add lOc 
per crystal to above prices for shipment 1st class mail, 
15< each for air mail). 

- - — Spocial Quantity Price* to 

Jobber* and Dealer*. 

I / \ I . 1 ORDER DIRECT 

I tf ill \l k' with check or money order 

2400H Crystal Drive 

CRYSTALS rort Myers, Florida 33901 


CAMP ALBERT BUTLER INVITES 
HAM RADIO ENTHUSIASTS OF ALL AGES 

TO TRY FOR YOUR 

GENERAL CLASS TICKET 
'iViis Summer! Our 11th Season 

STUDY INSTRUCTION 
LEADING to GENERAL ADVANCE 
and AMATEUR EXTRA LICENSE 

This Amateur Radiu ('amp, Y.M.C.A. uwnrd and 

operated, can ati\>mmoda(e fiO camMn. There i» nu atfr 
limit. U'e have had earners from 7 thr«>usth 74 yeark of 
a^e. It is vers- helpful if >tiu can ci>p> Swpin t>r have a 
Novice or Technician ticket, but it is not necessary-. Time 
is divided between radio classes in rode and theory- and 
usual camp aciivities, such as swimming, archery, rtflery. 
hikinK. etc. Coll privileges are included at the beautiful 
New Ris'cr (Niuntry Club course. 

Kntire staff consists of licensed hams who are instructors 
in electrical engineennjt in si»me of our finest csdleges and 
universities. (!amp owns AuKust 1 and closes AukusI 
iSlh. Tuition of $200.00 includes all camp expenses: 
r«Mim. meals, notebooks. teitbiKiks. and insurance. Send 
for our brochure. 


, C. L PtUr*. K4DNJ 
1 General Secretary 

I Gilvin Roth Y.M.C.A., Elkin, N. C. 28621 
Please send me the Booklet and Application Blank 
I fur the C'amp Albert Butler Radio Session. 

r NAME - _ 

CALL ..... . 

• ADDRESS _ _ 




HAL 311BC 
ELECTRONIC 
KEYER 


THE most versatile keyer now available. 
Send for full details on the HAL 311 BC 
and the complete line of HAL electronic 
keyers. There is a model to fit your re¬ 
quirement and budget from $16.00 to 
$48.50. 

Now available in kit form for even greater 
value. 


TOUCHCODER II KIT 
Complete kit of parts, excluding keyboard, 
for the W4UX CW code typer. 

All circuitry, including PS and monitor on 
one G10 glass PC board. 

Transistor grid block and cathode keying. 
Only $45.00. Write for full details. 


RYRYRYRYRYRYRYRYRYRYRYRYR 
HAL RTTY TU/AFSK KIT 
All TU and AFSK circuitry, including PS, 
on one 3x6" G10 glass PC board. 

850, 170, andCW ID shifts 
Zener protected transistor loop switch 
High and low impedance audio output 
$40.00 HAL TU/AFSK cabinet $5.00 
RYRYRYRYRYRYRYRYRYRYRYRYR 


HAL 25KHz MARKER GENERATOR 
50 KHz or 25 KHz markers to 144 MHz 
Small 1x2" G10 glass PC board 
Requires 100 KHz signal and 3 vdc 
$4.95 wired, $3.95 kit. Postpaid. 


DOUBLE BALANCED MODULATOR KIT 
For the DBM in March 1970 Ham Radio 
7/8x2" G10 glass PC board 
4 HP 2800 hot carrier diodes matched by 
HAL. 2 Indiana General CF102-Q1 
toroids. 

Instructions included. $5.50 postpaid. 


Hal CwHw HP7800 9M. 13/t1000 MMrtwdUyHAL 4/*4 26 

# IC*ct|iLB00.9t4 eCM tul97i 904 

HmTL MCTSOP. MCaSO^ $3 00. I0/$I9 S0 

MC774a. MCTflUP. MC72V *1 06. t0/S8 60 

AHoAvwlable MCTOS^. MC8«V MC767P. MC97eOP 
or SN77706N<Om .$1 76. 7/*1000 

TOflOlOa: ln84mG«w»ICn0704.Cri(»Ot.Cn01412. t04 

DNCH iCaMhm. U^ir.S^lCS- OCM HAL DEVICES 


Write for our complete catalog. 

Remit with order; please add postage. 
HAL DEVICES Box 365H, Urbana, II 61801 
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TELETYPE #28 LRXB4 reperforator-transmitter *'as 
is*' $100; cnecKed out $175. Includes two 3-speed 

S earshifts. AMtronics-Howard Co.. Box 19. Boston, 
lass. 02101. 617-742 0048. 

WORLD RADIO'S used gear has trial-terms-guaran- 
teel Gonset 910A - $179.95; SR160 - $149.95; Swan 
350 • $289.95; Swan 400/420 • $299.95; HT40 • 
$49.95; Apache • $99.95; DX60 • $49.95; T4X • 
$319.95; HQ180AC • $349.95; SP600JX(rack) • 

$269.95; Galaxy R530 • $649.95: 75A3 • $209.95; 
Drake 2A - $149.95. Free "blue-book" list for 
more. 3415 West Broadway. Council Bluffs. Iowa 
51501. 

DANVILLE (ILLINOIS) HAMFEST • sponsored by 
the Vermilion County Amateur Radio Association, 
Inc. • Date: August 30. 1970 • Douglas Park. 

THE WASHINGTON STATE HAMFEST will be July 
11th and 12th this year. This event will again be 
sponsored by the Radio Club of Tacoma, and will 
be held at the Sportsmens' Chateau, 164th ana 
Canyon Road, south of Tacoma. Activities include 
CW Awards Program. QLF and QAS contests, mo¬ 
bile judging and mobile efficiency contests, tech¬ 
nical meetings, technical displays. QCWA display, 
manufacturers' displays, 75 and 10 meter mobile 
hunts, swap shop, hole-ln-one contest, womens* 
and childrens' activities, after dinner program, 
many fine prizes, etc., etc. Camping space avail¬ 
able on the grounds ~ $1.(X) per night with free 
electrical hookup. 3970 KHz. 5(1.5 MHz. and 146.76 
MHz FM will be monitored for arriving mobiles. 
$5.00 includes Saturday evening dinner and regis¬ 
tration: children under 12 $1 .d 0 for dinner only. 
Logger's breakfast served by the club Sunday for 
only $1.25. Snack bar open both days. All dinner 
reservations must be made in advance. For in¬ 
formation, Hamfest tickets, or motel reservations, 
contact John Austin. K7CZF, 8478 Eastside Drive. 
N.E.. Tacoma. Washington 98422. 

WANTED: CUSTOMERS: No experience necessary: 
Write or call "HOSS TRADER ED MOORY" for the 
best deal on new or used equipment: USED EQUIP 
MENT BARGAINS: Guaranteed: 75A-4. $2^.00: 

KWM-2. $689.00: 30L-1. $385.00: R4. $259.00: 2B. 
$165.00: Galaxy 5. $229.00: HT-37. $169.00: SX-lll. 

§ 99.00: NC-303. $189.00: 260 Cygnet. $289.00: 

wan 500, $339.00: Swan 350. $275.00: NCX-5. 
$295.00: CONTACT us for Special Deals on NEW 
equipment in factoiv sealed cartons with full 
factory warranty: SPECIAL Prices on New Tower 
and Beam Packages; TWO LOCATIONS: MOORY 
ELECTRONICS, Phone (501) 946-2820, P. O. Box 
506. DeWitt. Arkansas 72042 or MOORY ELEC¬ 
TRONICS. Bill Davaul (W5FQX). 415 W. 33rd. N. 
Little Rock. Arkansas. 

SALE: Hammariund HX-SOa. Johnson Ranger II. 
Hallicrafters SX-100 all good condx. WB4AXQ. 
305 Caroldale. Middletown. Ky. 40243. 

FOR SALE: 30S-1. $950. 75A-4 #5822. 0.5. 1.5. 2.1. 
spkr. $500. Henry 2KD. $465. 2KD-2. $525. Squires- 
Sanders SS-IR. SS-IV. SS-IS, $500. 75A4 #2408. 
0.5. 2.1. 3.1. Blanker. $400. NCL-2000. $325. tn- 
vader-2000 (needs work). $200. 312B-4, (new). 

$165. 75S1. 32S1. 516F2. 312B4. $700. 75S3. 32S3. 
516F2. 312B4. $1000. SW-350C. 117 XC. Shure 450. 
$395. Galaxy-300. PSA-300. $185. T4X (Drake up¬ 
dated 8/69), AC3. $395. R4B. $350. Eldico SSB-100. 
$135. Heath KL-1 "Chippewa" (needs bias xformer). 
KS-1 P.S.. $265. Lafayette HA-410, whip. $80. H P 
416A Ratio Meter. $50. Prop-pitch, (converted), 
xformer. $35. BC-221F. $35. Model "B" Slicer. $25. 
Kepco VR p.s., 0-1500 VDC 9 2(X) ma: load regu¬ 
lation: .005%; ripple: .001 V max, $65. Variacs. 
115V: 2 amp. $5; 15 amp. $25; 220 V 31 amp. 
$50. BC-453B (converted), $3. Constant-voltage 

transformer (Sola #23 25 230), 3 KVA. new. $1^ 
Hy-Gain Log Periodic (13-30 mcs. 5 KW). Telrex 
rotator/indicator/cable. $400 (pick-up only!). Trans¬ 
formers. 115V: 6.3VCT 9 20 A. $^ 25.2 @ 1 A. 
$1.50; 2500/2000 VCT 9 .3 A. $10: 2880 VCT ® 
5 A. $12; 12.8 VCT 9 20 A. $6; 1300 9 3.0 A. 
$20. Techtronix 514-D. $165. Drake 'patch, $20 
Copier. 3-M "Secretarv". $125. Eldico EE-3 keyer. 
paddle. $30. TR-3, (Drake updated 11/69). MS3. 
AC3. Linear Systems #350-12 DC p.s.. $395. James 
W. Craig, W1F8G. 29 Sherburne Ave.. Portsmouth. 
N. H. 03801. (603) 436-9062. 



THE BEST 

2 METER 


Model 407 

$39.95 

ppd. 


144-146 MHz in. 28-30 MHz out 
or 146-148 MHz with a second crystal 
available for $4.95 extra 
A full description of this fantastic ctmverter 
would fill this page, but you can take our word 
for it (or those of hundreds of satisfied users) 
that it*s the best. The reason is simple —^ we use 
three RC'A dual Kate MOSFETs, one bipolar, and 
3 diodes in the best circuit ever. Still not con- 
vinced? Then send for our free catalog and get 
the full description, plus photos and even the 
schematic. 

Can't wait? Then send us a postal money order 
lor $39.95 and we'll ni.sh the -107 out to >* 011 . 
NOTE: The Model 407 is nbt) available in any 
fi^uency* combination up to 4*50 Mllx (some at 
higher prices) as listed in our catalog. New York 
City and State residents add local sales tax. 


VANGUARD LABS 


D«pl- R, 196-23 Jamaica Ava., Hollli, N.V. 11423 





Radio Amataur 
Emblama ansravad 
with your call lattara. 


□ Gold 

□ Rhodium 


call tetters 
$5.00 Ea. 


□ Gold 

□ Rhodium 


call letters 
$5.00 Ea. 


All illutirolion, 
ora ociuol ilza. 


□ Gold 

□ Rhodium 


call letters 
$5.00 Ea. 


tash Orrfar U: RADIO AMATCUR CALLBOOK, Inc. 

Dept. E. 925 Sherwood Drive, Lake Bluff, III. 60044 
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SAVE! Buy Direct 
from the Factory 


E-Z WAY 

TOWERS 

YOU can save really substan¬ 
tial money on America’s finest 
to\wers by ordering direct 
from our factory. You’ll get 
immediate delivery direct 
from stock. 100-ft. guyed 
to\«ers as low as $335, FOB. 
See your local dealer or phone 
us direct at area code 813, 
971-1961. \ 


WRITE, PHONE \ 

OR SEE YOUR DEALER 




I Radio Amateurs 
.5 Reference Library 
of Maps and Atlas 




E-Z 

P. O. Box 17196 / ine, 

TAMPA, FLORIDA 33612 


Getting a QRP Complex? 

BOOST YOUR EGO 
AND YOUR TALK-POWER 
FOR $25.00 

Install the fully-guaranteed RPC-3 
Speech Compressor in your 
HW-lOO, SB-101, SB-401, 
or other rig. 


S«nd your ordor or Inquiry to: 

R P ELECTRONICS 

BOX 1201 

CHAMPAIGN, ILLINOIS 61820 


Model RPC-3 $24.95 postpaid 


WORLD PREFIX MAP > Full color. 40** x 28“. shows 
prefixes on eech country . . OX zones, time zones, 
cities, cross referenced tables postpaid $1.00 

RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLD — from the center of the United States! Full 
color. 30“ X 2S“. listing Great Circle bearings m de¬ 
grees for six maior U S. cities: Boston. Washington. 
D.C.. Miami, Seattle. San Francisco & Los Angeles. 

postpaid $1.00 

RADIO AMATEURS MAP OF NORTH AMERICA! Full 
color. 30“ X 25“ — includes Central America and the 
Caribbean to the equator, showing call areas, zone 
boundanes. prefixes and time zones. FCC frequency 
chart, plus informative information on each of the 50 
United States and other Countries postpaid $1.00 
WORLD ATLAS — Only atlas compiled for radio ama¬ 
teurs. Packed with world-wide information — includes 
11 maps, in 4 colors with zone boundaries and coun¬ 
try prefixes on each map. Also includes a polar pro¬ 
jection map of the world plus a map of the Antarctica 
— a complete set of maps of the world 20 pages, 
size X 12“ . postpaid $2.00 

Complete referertce library of maps — set of 4 as listed 

above .. postpaid $3.00 

See your favorite dealer or order direct. 


RADIO AMATEUR I 





Dept. E. 925 Sherwood Drive 
Lake Bluff. III. 60044 


~RF TOROID CORES- 


Red •E " 

§ 

Cores - 500 kHz to 30 MHz, 
OD ID H 

^ 700 7 

2 00 

1 25 

55' 

T 1307 

1 30 

78 

44 

T94? 

94 

56 

^1 

T 80 7 

80 

50 

25 

T 68 7 

G8 

37 

19 

T 507 

50 

30 . 

19 

1 3/ 7 

37 

21 

12 

T 75 7 

25 

1? 

09 

T 17 7 

175 

06 

05 


S3 00 
2 00 
75 
60 
SO 
45 
40 
30 


’ Cores • 10 MHz to 90 MHz, ^ • 8 
95 
80 
65 
.50 
35 
25 


T94 0 

94 

56 

31 

T 80 G 

80 

so 

25 

T-68 6 

.68 

37 

19 

T506 

.50 

30 

19 

T 25 6 

25 

12 

09 

T 126 

125 

06 

.05 

Black "W" Corts > 

30 MHz to 200 Ml 

T 50 10 

50 

30 

19 

T 37 10 

37 

.21 

12 

T 25 10 

25 

12 

09 

T 12 10 

125 

06 

05 


FERRITE BEADS; THE LITTLE GIANTS 
/i ■ 900. Spec Sheet and Application Notes. 
Pkg. of 12 $2 00 

KILOWATT BROADBAND TOROID 8ALUN 
KIT: $5 00 

EXPERIMENTER'S 2 CORE TOROID KIT: 
Thousands Sold Has cores, wire and charts & 
construction suggestions Make your own High 
Q inductors for hundreds of modern uses $1 50 
MINIMUM ORDER; $3.00 
Please add 254 per order for Packing & Shippirtg 
FREE tLLDSTRATED FLYER 

AMIDON ASSOCIATES 

12033 Otsoge Street 
Nertk Hollywood. Collf 9U07 
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1970 INTERNATIONAL FIELD DAY. The BurlinMn 
Amateur Radio Club, Inc., invites you to the 1970 
INTERNATIONAL FIELD DAY to be held at 
THE OLD LANTERN, CHARLOTTE, VERMONT, on 
Sunday AUGUST 16. Come one day early on 
Saturday and join the crowd with trailer, camper, 
or tent. Featured will be the popular flea market, 
net meetings, antenna raising contest, junk box 
amplifier contest, hidden transmitter hunt on 
2FM, mobile and portable RF output contest, bingo 
for the ladies, door prizes and raffle drawing. Talk 
in frequencies include 3909, WIKOO and WlABI 
repeaters. Food, refreshments, and camping sup* 
plies available all day. Registration $3.00 at the 
gate or send $2.50 for early bird to Bill Fake, 
WIFS, 30 Southill Dr., Essex Junction, Vt. For 
further information write or call Bob Hall, WlOQO, 
General Greene Rd., Shelburne, Vt. 05482, phone 
802-985-2235. 


GREENE DIPOLE CENTER INSULATOR ... see ad 
page 96, September 1969 Ham Radio. 


THE TRI-STATE AMATEUR RADIO SOCIETY announ¬ 
ces its Twenty-third Annual Hamfest to be held 
Sunday, July 12, 1970, at the 4-H Youth Rural 
Center on Highway 41 North. Advance registration 
$1.50 and $2.00 at the door. For details contact 
Jack Young, K9LAU, P. O. Box 492, Evansville, 
Indiana 47703. 


COMMERCIAL LICENSE EXAMS: Second $18.00; 
First $24.00; Sample questions; Price list $1 
refundable. Ebco Enterprises, P. O. Box 432, 
Sparks, Nevada 89431. 


DON'T BUY QSL CARDS from anyone until you 
see my free samples. Fast service. Economical 
prices. Little Print Shop, Box 9848, Austin, Texas 
78757. 


WANTED MAY 1945 CQ. Will trade November 1945. 
George Goldstone, W8AP, Northland Towers East, 
Southfield. Michigan 48075. 


WANT NEMS-CLARKE VHF Telementry receiver in 
any condition or parts of receivers. Gill Barber, 
Box 3876, No. Las Vegas, Nevada 89030. 


TELEGRAPH KEYS WANTED: Wire, wireless. Spark 
or CW. Related books. Ted Dames, W2KUW, 308 
Hickory St., Arlington, N, J. 07032. 


FOR SALE; HW-12 with calibrator. $80. HW-22. 

$70. G«obe King 500A (500W, a-m and CW). $125. 
Gonset 913A 500-watt 6M linear, $200. Gonset 910C 
6M Sidewinder (a-m, CW and ssb) with ac and dc 
supplies. Laff lOOW linear plus many extras. $360. 
Gonset 2M lOOW linear w/spare 826s, $90. Gonset 
Communicator III 6M. $115. 6M Ameco Preamp. 
$10. Eico 720 90W CW transmitter, $55. Tecraft 
6M converter with supply (7-11 MHz out), $35. 
Knight R-IOOA gen'l coverage receiver, $60. Heath 
vfo VF-1, 10-160^M, $15. Eico 23-channel CB trans¬ 
ceiver. $75. Heath HX-30 6M transmitter (a-m, CW 
and SSB), $140. Heath HA-20 175W 6M linear, 
$110. Factory-sealed Ameco PT preamp, $55. Heath 
Sixer, w/crystals and mike, $35. Ameco 6M con¬ 
verter with power supply, $15. Swan 14C dc 
module, $50. Drake factory-sealed DC-4 12 Vdc 
supply, $105. Factory-sealed Ameco OCMW monitor, 
$12. Westcom noise blanker for Swan 250, $20. 
Gonset 6M G-50, $160. Ham-M rotator, $105. 
Factory-sealed 24-hour Pennwood clock, $14. All 
items fob. Tom Dittrich, WB2LZD, 605 Broad St., 
Endicott, N. Y. 13760. 


ANNUAL HAMFEST of the Champlain Valley Ama¬ 
teur Radio Club will be held on July 19 starting 
at 10:30 a.m. EDT. at the club shack on the Akey 
Road, Cadyville, N. Y. (7.2 miles west of Platts¬ 
burgh on Route 3). Food and beverages available 
on the grounds, talk-in on 146.34-146.94 FM 
(WIKOO) and 3925 KC. SSB. Send advance regis¬ 
trations ($1.50) to CVARC, Box 241, Cadyville. 
N. Y. 12918. Fun and prizes for all ages. 


TOROIDS 44 and 88 mhy. Unpotted, 5 for $1.50 
ppd. W. Weinschenker, Box 35 j, Irwin, Pa. 15642. 


FOR SALE — HY GAIN TH4 $50.00. Henry Ingwer- 
sen, Topsfield, MA 01983. 


TELL YOUR FRIENDS about Ham Radio Magazine. 


CQ de W2KUW 


,WE NEED YOUR SURPLUS TUBES 


1P21 

3CX2500 

2C39 

3CX3000 

2K25 

3CX5000 

2K48 

3CX 10,000 

2K (any digits) 

3E29 

3-400 

3K (any digits) 

3-1000 

4-65 

3B24 

4-125/4D21 

3B28 


4-250/5D22 

4CX3000A/8169 

4-400A/8438 

4CX5000A/8170 

4-1000A/8166 

4CX5000R/8170W 

4X150A 

40X10,000/8171 

4CX250B 

4X150G/8172 

4CX250R/7580W 

4PR60A or B 

4CX300 

4PR (any digits) 

4CX350A/8321 

5-125B/4E27A 

4CX1000A/8168 


5R4WGB 

304TL 

6BL6 

VA (all types) 

6BM6 or 6A 

250TH 

6L6 

450TH 

7D21 

450TL 

8D21 

QK (all types) 

9C21 

715C 

9C25 

802 

75TL 


805 

891R 

807 

TW (all types) 

810 

TWT (all types) 

811A 

NL (all types) 

812A 

4000 series 

813 

5000 series 

832A 

6000 series 

833A 

7000 series 

891 

8000 series 


Please send us your surplus Inventory 
lists. We’ vi/ant to buy other tubes andl 
TX — RX — test equipment. I 

5% Bonus over Best Offer I 

The TED DAMES Co. ^ 

308 HICKORY ST., ARLINGTON, N. J. 07032 \ 
Phone; 201 998.4246 I 
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partners 

in 

excellence 



An outstanding technical guide 
to all phases of amateur radio. 

In 832 pages 20 complete chap¬ 
ters are devoted to such subjects 
as single sideband, antennas, mo¬ 
bile equipment, RTTY and much, 
much more. 

This excellent book has received 
wide acclaim on both sides of the 
Atlantic and belongs in your li¬ 
brary . . . now. $11.95 

OTHER I 

POPULAR RSGB PUBLICATIONS 
Radio Date Reference Book $2.50 
VHF-UHF Manual 3.75 

Amateur Radio Techniques 2.50 
Amateur Radio Circuits Book 2.00 
World at Their Fingertips 2.50 

All prices postpaid in USA & Canada , 

book d 




Many thousands of you have be¬ 
come very familiar with the vari¬ 
ous Radio Society of Great Britain 
books and handbooks, but very 
few of you are familiar with their 
excellent magazine. Radio Com¬ 
munication. 


This is the oldest and most widely 
read British amateur radio maga¬ 
zine. Published monthly it pro¬ 
vides complete coverage including 
such popular features as: Techni¬ 
cal Topics, a monthly survey of 
the latest ideas and circuits. Four | 
Meters and Down, a rundown of 
the latest in VHF and UHF and 
much more. 

It includes numerous technical 
and construction articles in addi¬ 
tion to a complete rundown on 
the month’s events in amateur 
radio. Surely a most interesting 
addition to your amateur radio 
activities. 

We can now offer this fine maga¬ 
zine to you along with the other 
advantages of membership in the 
RSGB (such as use of their out¬ 
going QSL Bureau) for only $6.00 
a year^ 


ivisio n 



Box 592 * Amherst, New Hampshire 03031 

"WE ARE THE EXCLUSIVE NORTH AMERICAN DISTRIBUTOR FOR RSGB PUBLICATIONS — 
DEALER INQUIRIES INVITED" 
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CUSTOM CONSOLES for amateur radio stations. 
Equipment may be updated by changing only front 
panel. Inquiries and orders now being accepted. 
Literature with pictures available. *'Ace ' Goodwin. 
W4WEU. 2510 Via Havarre. Merritt Island, Florida 
32952. 


40TH ARRL WEST GULF DIVISION CONVENTION ^ 
July 17, 18. 19, Orange. Texas. Come by car. 
plane, or boat, but come to the fun. fellowship and 
entertainment. A bargain you can’t afford to miss. 
Registration $8.50. Orange Amateur Radio Club. 
Box 232, Orange. Texas 7/630. 


1916 QST*S wanted. Especially May and June. Any 
unreasonable price paidi Ted Dames, W2KUW. 308 
Hickory Street. Arlington. N. J. 07032. 


ORIGINAL E2-1N DOUBLE HOLDERS display 20 
cards in plastic. 3 for $1.00. 10 for $3.00 prepaid. 
Guaranteed. Patented. Free sample to dealers. 
Tepabco. John K4NMT, Box 198R. Gallatin, Tennev 
see 37066. 


SL'S. SECOND TO NONE. Same day service, 
ampies 25<. Ray. K7HLR. Box 331, Clearfield, 
Utah 84015. 


THE MADISON COUNTY (INDIANA) Amateur Radio 
Club. Inc. will hold its annual “Hamboree" on 
July 12, 1970. Doors will open at 11:00 a.m. at 
the county Civil Defense Control Center located 
four miles north of Anderson at Linwood. Activi¬ 
ties include a general get together and a flea 
market. Door prizes will be awarded thru the after¬ 
noon. Refreshments will be available. Talkin freqs. 
50.4. 145.35. 146.94. 


TECH MANUALS ~ TS-323/UR. R-274/FRR, $5.50 
each: BC-639A, R-390/URR, $6.M each. Many 

others. List 20<. S. Consalvo. 4905 Roanne Drive. 
Washington. DC 20021. 


NOVICE CRYSTALS: 40-15M $1.38. 80M $1.83. 

Free flyer. Nat Stinnette Electronics, Umatilla, 
Florida 32784. 


TOROIDS 88 MHY. 5 for $2.00 postage paid. 
WAOPYW, W. H. Schler. 5345 N. Woodland. Kansas 
City. Mo. 64118. 


COLLINS KWS-1 and 75A-4 asking $1000; also 
Ham-M $90: Communicator 111 6m $120; Viking 
adventurer $20. K6QDO, 888 Linda Flora. L. A. 
90049. 


SAFETY BELT rwlon climbing • $15. 8 ft. dish • 
$80. Berkley 100 KC. Counter • $110. Rotor prop- 
pitch • $45. 2M Cavity Duplexer • $115, FOB, Link. 
1081 Aron. Cocoa. Florida. 


THE FWRA OF FORT WAYNE. INDIANA is a group 
interested in F.M. techniques. The FWRA operates 
a 2 meter F.M. repeater on 146.34 MHz in and 
146.76 MHz out. To acquaint other amateurs 
interested in F.M. techniques, the FWRA is spon¬ 
soring an annual ”FM PICNIC" at Crooked Lake 
near Angola. Indiana at 8:00 a.m., Sunday. Aug. 
2, 1970. For entertainment there will be boating, 
fishing, swimming, camping facilities, and excellent 
picnic grounds. A free ^'Flea Market" and big 
prizes. More information by contacting FWRA. Box 
6022, Fort Wayne. Indiana 46806. 


THE ENGLEWOOD AMATEUR RADIO ASSOCIATION, 
INC., invites all amateurs the world over to take 
part in the Eleventh New Jersey QSO Party from 
1900 GMT Saturday. August 15 to 0600 GMT 
Sunday. August 16 and from 12(X) GMT to 2300 
GMT on Sunday, August 16. For complete details 
please contact the Englewood Amateur Radio 
Association. Inc., 303 Tenafly Road, Englewood. 
New Jersey 07631. 


YOUR AD belongs here too. Commercial ads 25< 
per word. Non-commercial ads 10< per word. 
Commercial advertisers write for special discounts 
for standing ads not changed each month. 


SEMICONDUCTOR 

SALE 


ALL ITEMS NEW - UNUSED 
TESTED 


50 VOLT PIV 1.5 AMP 

TOP-HAT DIODES 33 for $1.00 


IN 4007 1000 VOLT PIV 1 AMP 
MINIATURE DIODES 28< ea. 

50 for $12.50 


2N1305 TRANSISTORS 

FULL LEADS 5 for $1.00 


1 WATT ZENERS 

47V 62V 68V 75V 

llOV 120V 150V 160V 

8 for $1.00 


ALL ITEMS PPD U.SJL 
PA RESIDENTS ADD 6% SALES TAX 


M. WEINSCHENKER K3DPJ 

BOX 353 
IRWIN, PA 15642 


WE PAY HIGHEST 

PRICES FOR ELECTRON 
TUBES AND SEMICONDUCTORS 

H & L ASSOCIATES 

ELIZABETHPORT INDUSTRIAL PARK 
ELIZABETH, NEW JERSEY 07206 
(201) 351-4200 



Reads output and reflected power simulta¬ 
neously. May be left in line up to 2000 watts. 
Low insertion loss. Size 5x2x2. Good to 
175 Mhz. PRICE $15.95, FOB HOUSTON. 

MADISON ELECTRONICS SUPPLY 

1508 McKinney — Houston, texas 77002 

(713) 224-2668 
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Beautify our bands 


DUCTED ROTRON MUFFIN FANS 
100 CFM, motor 115v. 60 CPS. 14w. With metal 
shroud 1** dia. 4'' deep. Very excellent used, 
GUARANTEED. 7 LBS. 4/$19.50 each $4.95 

As above, but with very slight, minute cracks, 
in plastic motor frame. These do not affect 
operation, still quiet, no vibration. 

4/$15.50 each $3.95 
6146 tubes. BRAND NEW. bulk packed (reboxed) 
W. 4/$f2.50 each $3.25 

6CW4 NUVISTORS. BRAND NEW. bulk packed 
RCA, reboxed. 4/$4.75 each $1.25 

0-215/ARC-36. Crystal marker oscillator, by 
COLLINS. Has 500.0000 KC crystal, in BLILEY 
oven. 27.5v (3 .3 A. 75 degree C. In plug*in 
module, 4‘^" x l‘/a" x 3 Vi" deep. With crystal 
trimmer. 2 slug tuned coils, resistors, capa- 
citors. etc. LESS tubes, one each 5814A & 
6AK5W. Rich in harmonics and sub-harmonics, 
ideal for rec. or trans. marker. 2 LBS. NEW. 

$6.50 each 

ARC-12 late type 

COMMAND RECEIVERS-TUNEABLE 
In gray, crackle finish aluminum cabinet. NO 
tuning dial on front panel. Very excellent used, 
with all tubes, internally complete. 12 LBS. 
R19. 118 to 148 MC. with 30 MC. high-Q 

ceramic form IFs. For 2 meters. $34.50 each 
R-n. 195 to 550 KC. with 85 KC. hlghO. 

ceramic for IF. Q-5er. $10.00 each 

As above, but less all tubes, otherwise internally 
complete. $8.00 each 

R-403. control box for R-11. Has freq. & loop 
direction controls, and dials: off-sensitivity 
switch; ant.-loop switch; 3 foot cable with plug, 
to fit R-n. NEW. 4 LBS. $5.00 

PLEASE — include sufficient to cover postage, 
with all orders. Any excess remitted, will oe 
returned with the order. Too many do not 
include enough for postage — it's costly. 


.with prrfrct fn)m the 


.11 IC {UCnmtC fIST Key. 

■ Perfeel l)»>l Metiitirv 


liid<’p,'n(l('nl Wriphl (Control (EK-39) 
Instant Start, 8-.'»() wpm 
-150 VDC Solid .State Output 
HEATH, COLLINS and DRAKE Colors 
Kuilt-in Monitor and Power Supply 
Paddle or Squeeze Key Compatible 
And Now. IAMBIC MODE Option! 


B C Electronics 

Mailing Address 
5058 N. CLAREMONT AVENUE 
CHICAGO. ILLINOIS 60625 
PH. 312-334-4463, If no answer, 784-4426 
. . . STORE HOURS . . . 
Wednesday 11:00 a-m. to 2:30 p-m- 
Saturday 10:00 a.m. to 2:30 p-m. 
5696 N. Ridge Avenue, Chicago 
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PERSONALIZED CUP AND STEIN. GOLD LEAF 
HANDLE AND PERMANENT BLACK LETTERS 
MACHINE WASHABLE. ATTRACTIVE AND USE¬ 
FUL GIFT FOR ANY HAM. SPECIFY RIGHT OR 
LEFT HANDED. CALL AND NAME. CUP $2.50 
STEIN $4.75. PP. US. AND POSSESSIONS 
ONLY. CHECK OR M.O. CALIF. ADD 5% SALES 
TAX. SPECIAL CLUB OR COMMERCIAL IN 
QUIRIES SOLICITED. 

piazza enterprises 

P. O. Box 1127 Costa Mesa, CA 92626 


(Or (rom your Ham distributor) 
BOX 4090 

Mountain View. Califomie 94040 


.‘\ll Postpaid .‘ipeeify Color 

220 V \(! .Model Available on Speeial (Irder 

California KesidenLs add Sales Tax 


EK-39 lambic Deluxe . $97.95 

Kit $87-95 

EK-38 lambic Deluxe $82.85 

Kit $72.95 

EK-38 $79.95 

Kit $69.95 

Technical Manual $1.00 refundable 
with purchase of unit or kit. 

Reed relay option, add . $4.00 

























NEW*9Mhz SIDEBAND CRYSTAL FILTER 

^ f—\ -T- 9 CRYSTAL SYMCTRfCAL 

yT] |mODEL9MA <29.95 

CENTER FREQUENCY 9 MHZ 

^ fsi 6 DB BANDWIDTH 2.8 KHZ 

I I B0DB/6DB RATIO 1.8/1 

1 ULTIMATE REJECTION 100 OB 

O—] IN a OUT TERM. 200 OHMS 

t 8 a 20 OB DATA FURNISHED WITH 

1 Mi each individual FILTER. 

•" < 0 H UPPER SB, LOWER SB. OR CW OSC XTALS EA.f 3 


SURPLUS CRYSTAL FILTERS AND DISCRIMINATORS_ 

10.7 MHZ FILTERS -2 \ LONG. 10 WIDE. 1 */s2 HEIGHT 
KXr MHZ 8 CRYSTAL FILTER MOO FB5M $19 

6 06 9W O KC MIN - 60 DB BW 25 KC MAX 

IN a OUT g I KA - ULT ATTENUATION KW DB 

MOO lOMA 6 crystal FILT^ $14 U J 

6 06 BW 90 KC MM - 60 06 BW 75 KC MAX I 

IN a OUT g 2 KA - ULT ATT 60 06 MlN 

WE HAVE SURPLUS FILTERS WITH BANDWIOTHSFROMAOOh.’ 
TO 210 KHZ, CENTER FREQUENCIES FROM 80 KHZ TO 

36 MHZ _ 

dime FOR UST OF ON^R 50 TYPES OF S;jRP._US CRTS 
FAL filters di DlSCRMWATORS. 


TOROID CORES popular t-2oo>2 

2“ DIA CARBONYL E CORE. MAKE A KW ANT. 

t^ALUN. h.o. fil. choke, or a tapped tank 
COIL for your LINEAR 

T~200“2 EACH $2.78 OR 3 F O R $7.00 ^ 

ALL ORDERS FROM THIS AO PPO USA 


j T McCullough. W0BHG-TIL. eiG-zBi-sse*' 


xTpjv Excelsior Springs 
r\ -liJ Electronic Labs 

\ 1 ]/y 301 AUGUSTUS 

NSTKX excelsior SPRINGS, MO. 64024 
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GET YOUR NEW 
ISSUES NOW! 

Over 290.000 QTHs in 
the U.S. edition $7.95 

\Over 140,000 QTHs in 
\ the DX edition $5.95 

NEW EDITION EVERY: 
MARCH 1 - SEPT. I 
JUNE 1 - DEC. I 


These valueble EXTRA lealuies included In both editions! 
• QSL Manacers Around the • Radio Amateurs' Prefiies 


World! 

Census of Radio Amateurs 
throufhout ttie world! 
Radio Amateurs' License 
Class! 

World Prefix Map! 
International Radio 
Amateur Prefixes 


by Countries! 

• A. R.R.L. Phonetic Alphabet! 

• Where To Buy! 

• (real Circle Bearings! 

• International Postal 
Information! 

• Pius much more! 


See your favorite dealer or order direct (add 2SC for mailing 
in U.S.. Possessions A Canada. Elsewhere add SOC). 


wumfOK' 

rm 

BROCHUM! 


RADIO AMATEUR I 


Depi 


Dept E. 925 Sherwood Drive 
lake Bluff. III. 60044 


TYMETER' 

CALL-IDENT 

10-MINUTE STATION 
CALL REMINDER 


HOUR 


CLOCK 



10>minute repeating timer buzzes warning to sign in your 
coll letters. Wolnut or ebony plostic cose. 4"H, 7%"W, 
4^0. 110V, 60 cy. One Yeor Guorontee. Mode in U.S.A. 
Af Your Dma\mr, or DfflfCT FROM 


PENNWOOD NUMECHRON CO. 

rrMfria rtfcrtONics 

7740 rRANKSTOWN AVE PItTSBURCH PA 1S708 


WORLD QSL BUREAU 

PLAN 1. WC rORWAPO TOUH QSU (PltASC ARRANCe ALPMASET 
ICALLVl TO ANY PLACE IN WORLD. INCLUDING ALL EORCIGN 
COUNTRIES. AND TO OR WITHIN USA. CANADA. AND MEXICO. FOR 
14 EACH 

PLAN 7 . YOU USE OUR SPECIAL LOO FORM AND SEND US A COPY 
WE SUPPLY QSL — MAKE OUT pSL — DELIVER QSL. ALL FOR 
a« EACH 

5200 Panama Ava., Richmond, CA USA 94804 


DON'T FORGET 

HAM RADIO BINDERS. 

HAM RADIO BOUND VOLUMES . . 

Volume 2, 1969 

Order from 

HAM RADIO MAGAZINE 
GREENVILLE. N. H. 03048 






[i ANTENNA HARDWARE 

COMPLETE LINE 
ALL SIZES 


SPIDERS • T-MOUNTS 
UNIVERSAL MOUNTS 
FIBERGLASS ARMS 
YAGI & BEAM CLAMPS 
DELTA LOOP SUPPORTS 
BALUNS . GAMMA MATCHES 


WRITE FOR INFORMATION 


KIRK ELECTRONICS DIVISION 
EUKcnumcc cy>rp. 

IIS WISTPAHK RO*0 • OAYTON • OHIO 4S«ftt 
PHONE ftlS'433 3107 
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MESHNA'S EXOTICA 


ADJUSTABLE 1C VOLTAGE REGULATOR 


TO-5. 8.5*30 volt, load current 0*50 ma and 5 
amps using ext. pass transistor. Choice NEG 
or POS stock #32 - - $1.75 each 


PHOTO DIODE ARRAY 


Sensitive to light & IR. 
Bank of 8 diodes 
Single diode 


UMP DRIVER, QUAD-RESETTABLE 


2 METER ARC-3 


Just uncovered a batch of the famous ARC*3 
rcvrs & xmtrs with all tubes. Range 100*156 
me. 8 xtl channels. Cheap way to get on 2 
meters. CD nets. MARS nets. etc. With con* 
version details. Revr $15, Xmtr $15. 


FIBRE OPTICS KITS 
WITH IMAGE TRANSMITTER 


An experimenters delight, fantastic display of 
the unique properties of clad-fibre-optics to pipe 
light as well as images. Kit #1 includes PVC 
sheathed bundle of glass fibres with polished 
ends (light pipe), bundle of plastic fibre optics, 
bundle of glass fibres, coherent light pipe 
(transmits images), instructions & experiments. 

BLISS-FULL PAK #1 $5.00 

Kit # 2 includes all of the above but more 
fibres. longer lengths, fatter bundles and also 
includes light source, heat shrink tubing, a 5 
ft. light pipe, a longer coherent bundle (image 
transmitter) & more experiments. 

BLISS-FULL PAK #2 $10.00 


TEXAS INST. DUAL INLINE IC’> 


1C flat pak, 12 volt 200 mil. Stock #F26. 

$1.00 each 


EPITAXIAL PLANAR RF POWER TOWER 


12 volt 50 watts 72 me #M83 
$1.50 

12 volt 10 watts 174 me #M87 






ARC-5 TRANSMITTER SPECIAL 


Like brand new. easily convert to 40 or 80 
meter band by turning slugs, w/directions. 
4*5.3 me T-20 • • • • 5.3-7 me T-21 

$9.00 each or 2 for $17.00 


TRANSISTOR AUTO RADIOS 


Brand new factory packed automobile radios, 
vintage around 1961. 12 volt neg. ground. No 

choice of models. The exceptional sensitivity 
of an auto radio makes it superior for use in 
car. boat, truck, camper, etc., where you are 
quite a distance from xmtr location. This is 
also the best kind of radio to use with short 
wave converters. Each with large original 
equipment hi-fi speaker. Some with noise sup¬ 
pressor kit. High quality, most made to sell In 
the $100 range. A real “find." .......... $15.00 

Hybrid less spkr .. . $8.50 


Above equipment on hand, ready to ship. 
Terms net cash, f.o.b. Lynn, Mass. Many other 
unusual pieces of military surplus electronic 
equipment are described in our catalog. 

Send 25c for catalog #70 


JOHN MESHNA JR. 

19 ALLERTON ST., LYNN, MASS. 01904 
P. O. BOX 62, E. LYNN, MASS. 01904 


Removed from unused equipment. All numbered. 

SN73CMN Dual JK Flip flop w/preset & clear 

SN7315N 10*input single gate 

SN7320N 5-input gate 

SN7360N Quad 2-input NAND/NOR gate 

SN7380N One shot monostable multivibrator 

Any of the above units 75c Mch Or $8.25/12 


STARLIGHT SCOPE 


Fibre optic face plate lens from Starlight scope. 
Just released from gov’t security wraps. Cost 
to gov’t $80.00. An unusual mystifying optical 
device... #SL $3.50 


COHERENT ROD $1.00 


Fibre optic coherent rod approx. 3 inches x 0.07 
conducts images. 


CLAD LIGHT PIPE 


Solid clad rod. light enters one end. comes out 
the other. May be bent in flame. 

#CR 8 inch pieces 25c ea. 5/$l.(X) 


FIBRE OPTIC LIGHT PIPE 


1 ft length jacketed glass fibres (200 Rbres) 
each end sealed and optically polished for 
maximum light conduction. Pipe light around 
corners, into difficult locations, etc. 

#LP*1 $1.00 


BULK LIGHT PIPE 


3 feet of fibre glass (200 fibres) with jacketing. 
Make your own light pipes. Christmas tree dis¬ 
plays, psychedelic lighting, etc. Any length you 
wish at 3 feet for $1.00. 


FIBRE OPTIC OPTICAL SCANNER $5.00 


Photo optics scan- ^ 
ner, as used In IBM # 
punch card scanner y 
system. We offer the V x 

12 position optical ^ V 

scanner consisting ^ X. 

of 2 ft. assembly ^ ^Sr 

light pipe fanning ‘ 

out into a 12 chan- 
nel scanner. All ter¬ 
minations optically polished. Make your own 

card scanner, light chopper, etc. A value for 
the 22 inch light pipe alone. With 4 page 
evaluation & application data. _#LP*3 $5.00 
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SIGNAIVONE'S CX7 
gives you... 

ALL the coverage you're looking 
for. 

Cost, clutter and operating 
confusion are eliminated by the 
CX7. 

ALL HAM BANDS from 160 
through 10 meters in full 1 MHz 
ranges plus overlap for MARS, 
WWV. 


ALL POPULAR MODES of 
operation ... 

■ Upper and Lower sideband 
■True break-in CW 
■Compatible AM for VHP 

convenience 

■ FSK MODULATOR PLUS IF 
Shift* allows use with popular 
2125/2975 Hz frequencies 


STANDARD "BUILT-INS" are 
yours... 

■Heavy duty AC power supply 
■ RF clipper 

■Second Receiver capability 
■CW keyer 

■Precision frequency 
meter/calibrator 
■Even a folding bail! 

Write for illustrated brochure. 
'Patent applied for 

"It Speaks for Itself" 

sfgnM//ane 

A Division of ECl (An NCR Subsidiary) 
2200 Anvil Street No. 
St. Petersburg, Fla. 33710 


AdverTiSers jNd^ 


Aerotron __ 76 
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BC Electronics ..... 90 
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HAL Associates ...... 89 

HAL Devices ..-. 84 
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Structural Glass, Ltd. .. 76 
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NEW SINGLE-BAND BEAM 
FROM MOSLEY 


The 


EXPANDED DX 
CAPABILITIES 

ON 20 METERS 


DON'T LIMIT YOURSELF! 

When you install a 20 meter beam, there is only one 
antenna investment you can afford . . . The NEW CLASSIC 20 
with expanded DX capabilities, thanks to the new 
Classic Feed System "Balanced Capacitive Matching.** 

This new array promises to be the most universally accepted 
amateur beam ever developed for 20 meters. 

TAKE A LOOK AT THE VITAL STATISTICS! 

• POWER RATED: 1 KW AM/CW; 2 KW P.E.P. SSB input to the final. 

• SWR: 1.5/1 or better. 

• MATCHING SYSTEM: Balanced Capacitive. 

• FEED POINT IMPEDANCE: 52 ohms. 

• NUMBER OF ELEMENTS: 5. Aluminum tubing: 6063-T832. 

• MAXIMUM ELEMENT LENGTH: 38 ft. 1’/j in. 

• BOOM LENGTH: 46 ft. 

• RECOMMENDED MAST SIZE: 3 in. OD. 

• TURNING RADIUS: 28 ft. 

• WIND SURFACE: 18.7 sq. ft. 

• WIND LOAD (EIA Std. 80 MPH): 364.45 lbs. 

• ASSEMBLED WEIGHT: Approx. 139 lbs. 

• SHIPPING WEIGHT: Approx. 145 lbs. via truck. 

For detailed brochure write . . . Dept. 198 





Classic 20 



Model CL-20 


Manufacturing TV Antenna-Accessories 
for nearly a Quarter of a Century. 
Write tor the Free Booklet. 

“How to Improve Your TV Picture" 

Department 198TV 


4610 N. LINDBERGH BLVD., BRIDGETON, MO. 63044 
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INSIDE THIS MODEST BUILDING LIES ONE OF THE MORE UNIQUE BUSINESS ESTAB 
LISHMENTS IN THE WORLD OF AMATEUR RADIO. HERE IS PROBABLY THE LARGEST 
COLLECTION OF GEAR. BOTH OLD AND NEW. TO BE FOUND IN THE NORTHEAST. IF 
NOT IN THE WHOLE COUNTRY. 

THERE ARE THREE STORIES OF TRANSMITTERS. RECEIVERS. TRANSCEIVERS. TEST 
EQUIPMENT. ANTENNAS AND PARTS. ANY PIECE OF EQUIPMENT IN THE DEMON 
STRATION ROOM CAN BE IMMEDIATELY SWITCHED TO OUR ANTENNA FARM WHICH 
INCLUDES 44 DIFFERENT ANTENNAS SPREAD OUT OVER SEVERAL ACRES AND FOUR 
TOWERS. 

IF YOU LIVE IN OUR PART OF THE COUNTRY YOU CERTAINLY OWE YOURSELF A 
VISIT TO THIS INTERESTING BUILDING. WE CAN PROMISE YOU SEVERAL HOURS 
OF THE MOST INTERESTING BROWSING. IF YOU ARE LOCATED FURTHER AWAY 
CONTACT US BY MAIL FOR PROMPT. COURTEOUS SERVICE AND PUT US DOWN FOR 
A VISIT ON YOUR NEXT TRIP TO NEW ENGLAND. 


HERBERT W GORDON COMPANY 


HELPING HAMS TO HELP THEMSELVES 
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For $450, 

you just can’t beat 

the Yaesu FTdx 560. 


You can’t even beat it 
for $800. 


How come the Yaesu is such a good 
deal? 

First of all, it’s made in Japan, 
where people do painstaking electronic 
assembly work for a lot less money than 
they do in the U.S. Secondly, it’s prob¬ 
ably the highest quality transceiver 
made anywhere in the world, regardless 
of cost. 

Also we import the Yaesu and sell 
it direct to you, eliminating the usual 
dealer profit. 

The Yaesu FTdx 560 is a fully assem¬ 
bled, fully guaranteed transceiver with 
560 watts PEP of SSB power, 500 CW. 
Included in the selling price are many 
of the things you usually have to pay 
extra for. Like power supply, WWV, cali¬ 
brators, VOX and the one-year warranty. 
And a lot more. 


SPECTRONICSIMEST 

Box 338, Lakewood, Calil. 90n4 / Telephone: (213) 421.6167 

SPECTRONICS EAST 

Box 1457, Slow, Ohio 44224 / Telephone: (2161 923-4567 


To see how much more you get with 
Yaesu, send for our new information 
packet. It includes things like a chart 
and photos that compare Yaesu and 
Yaesu workmanship with other trans¬ 
ceivers, plus a complete schematic. 
Study this packet and you’ll see right 
away how much more value there is in 
a Yaesu. 




iW 

n • ■ « 

BR 1 

ts H ft 1 


p 


1 


o 



l~Please send me your free Yaesu FTdx 56^ 
I information packet: , 
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Name 
street_ 
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When QRM Gets Tough 
Choose 

The Only m 

Microphone S 
With; B 

Backbone! S 


ELECTRO-VOICE 
MODEL 676 
DYNAMIC CARDIOID 


has unusually high output fo 
a microphone so small. Of course 
you get both 150-ohm and Hi-i 
outputs, plus high efficiency dust 
pop, and magnetic filters—indeed 
all of the hallmarks of Electro 
Voice design that have mad 
E-V a leader for year; 

But that’s not all. The 676 has ai 
exclusive bass control switch buil 
in. Choose flat response (fror 
40 to 15,000 cps) or tilt off basi 
5 or 10 db at 100 cps to eliminatl 
power-robbing lows that reduc> 
efficiency and lower intelligibility 
You’ll be amazed at the reports o 
improved audio you’ll get whei 
you switch to the E-V676 

Visit your E-V distributor tt 
see this remarkable new micro 
phone today. And when difficuL 
QRM must be faced squarely 
stand up and fight back with th< 
microphone with a backbone (an« 
CV-D)—the new Electro-Voic> 
Model 676 dynamic cardioid 

Modil an Stlln Chrofii« or TV gtoy. SaS.C 
iltt: In Gold. SIOO.OO lltl. Shown o 
Modal 420 Dtth SUind. <22.00 ll» 
Modal 674 Idantical aicapl atud-mounta 
with On-Off awlleh. <65.00 lit- 

ELECTRO-VOICE, INC 

Dept. 702HC. 676 Cecil Stree 
Buchanan, Michigan 4910’ 


The backbone of the Electro- 
Voice Model 676 is no mere 
decoration. It’s visible proof of 
the most exciting idea in directional 
microphones—Continuously 
Variable-D (CV-D)T“. 

Here’s how it works. We attach a 
very special tapered tube to the 
back of the microphone element. 
This tube automatically varies in 
effective length with frequency. 

It’s a long tube for lows—a short 
tube for highs. All this with no 
moving parts! The tube is always 
optimum length to most effectively 
cancel sound arriving from 
the back of the microphone, 
regardless of frequency. 

This ingenious solution* is 
years ahead of the common 
fixed-path design found in most 
cardioid microphones. It means 
you pick up less noise and 
room reverberation, ensuring a 
crisp signal and optimum vox 
performance. It also is less 
sensitive to wind and shock- 
ideal for field days! There is 
almost no "proximity effect"... 
no boosted bass when you 
must operate extra close. 


Long life and peak-free 
response are guaranteed by the 
exclusive E-V Acoustalloy® 
diaphragm. And the 676 


ASUtSIfNAMT Of CUttUW miHIHlOIIS. INC- 


♦Pat. No. 3,115,207 




